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OKI MICROCONTROLLERS LINE-UP 


4 BIT OLMS-50/60 SERIES MSM5052 


MSM5054 
MSM5055 


MSM 5056 
MSM6051 
MSM6351 
MSM6352 
MSM6353 
MsM6404 
MSM6404VS 
MSM6408 
MSM6411 
MSM6422 


MSM6442 

MSM6434/64P34 
MSC6458 
MSC6458VS 
MSM6502/6512 

MSC62408B/62G408B 
MSM62720 
MSM62780 

MSMS5I1 
MSM65512/65P512 
MSM65513/65P513 
MSM65524/65P524 
MSM80C35/48 

MSM80C39/49 
MSM80C40/50 
MSM80C31F/51F 
MSM80C154/83C154 
MSM85C154VS 

MSM66201/66P201 
MSM66207/66P207 
MSM66301 


16 BIT OLMS-67K SERIES MSM67620/67P620 
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LINE-UP AND TYPICAL CHARACTERISTICS 


LOW POWER | HIGH SPEED 


i} 


OLMS-50/60 SERIES OLMS-64/65 SERIES 
POWER PRODUCT MACHINE 
PRODUCT 
one ree’ | mow [am [esc | reauns 
ise | nes [roe 


MSM6408 8096 x8 
owen | were] once] refi 


MSM6434/ 4000 x8 A/D Converter 
64P34 


MSM6442 2048 x 8 128 x4 92 Seg. LCD Driver 
MSC6458 8192x8 | stzxa| 93005, 144 Seg. FLT Driver 


MSM6502/ | 2000%8 91.5 pS 
6512 


a, 













Serial Port 
MSM6353 4096 x 15 3 PA | (Synchronised/ 
Asynchronised) 









108 Seg. LCD Driver 





rp IC CARD 


OLMS-62K SERIES 
NAME CYCLE FEATURES 

MSM62780 | 6144x8 B00 ns | Built-in EPROM 

8198 x8 for IC Card 
ile? 2 

MSM62720 3072x8 128x8 800 nS Built-in ESPROM 
2048 x 8 for IC Card 

Meee 15360 x8 930 nS | 384 Seg. FLT Driver 

/62G408 













OKI SINGLE CHIP 


HIGH PERFORMANCE 


a 


INTEL COMPATIBLE SERIES 


NAME CYCLE 
MSMB80C39149 1.36 PS 





















MICROCOMPUTER 
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HIGH PERFORMANCE 
nX SERIES 






OLMS-67K SERIES 






PRODUCT MACHINE 
NAME CYCLE 
EPROM 


8 BIT 






OLMS-66K SERIES 


PRODUCT MACHINE 
NAME CYCLE 
EPROM 
EPROM 


8/16 BIT 














OLMS-65K SERIES 


PRODUCT MACHINE 
NAME CYCLE 


EPROM 
8192x8 
EPROM 
8192x8 
EPROM 


8 BIT 



















*: Under Development 


m@ OLMS-50/60 4-Bit Series Single-Chip Microcontrollers 


Supply | Supply | 
; : | t | Output 
Model Function Process | Voltage | Current | Capacity | Capacity | PY ie LCD Output Package 
. (Vpp) (Ipp) Ports Ports 
MSM5052-XX__| Low Power 4 Bit Single Chip CMOS 1.5V 3pA 1280x14 62x4 26 segments DIE 
Microcontroller with LCD Driver 2 common FORM 
and Thermometer Circuit 
MSM5054-XX_| Low Power 4 Bit Single Chip CMOS | 1.5/3V | 3/1.5pA | 1024x14 44 segments DIE 
Microcontroller with LCD Driver 2 common FORM 
MSMS5055-XX__| Low Power 4 Bit Single Chip CMOS 1.5/3V | 3/1.5pA | 1792x14 60 segments DIE 
Microcontroller with LCD Driver 2 common FORM 
MSM5056-XX | Low Power 4 Bit Single Chip CMOS 3pA 1792x14 38 segments DIE 
Microcontroller with LCD Driver 2 common FORM 
and Solar Cell Circuit 
MSM6051-XX | Low Power 4 Bit Single Chip hana 1.5/3V | 3/1.5pA ae: segments DIE 
Microcontroller with LCD Driver ae: common FORM 
MSM6351-XX | Low Power 4 Bit Single Chip ae 1.5/3V 3pA 4096x15 | 1024x4 58 segments 100 QFP 
Microcontroller with LCD Driver 4 common or DIE 
20 I/O ports FORM 
MSM6352-XX_ | Low Power 4 Bit Single Chip CMOS | 20/5.5V | 400pA | 2048x14 | 640x4 4 1/0 ports 28/40DIP 
Microcontroller with DTMF Circuit 44 QFP 
MSM6353-XX | Low Power 4 Bit Single Chip CMOS 1.5/3V 3pA 4096x15 | 1024x4 20 I/O ports 42SDIP 
Microcontroller 
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mM OLMS-64/65 Series 4-Bit Single-Chip Microcontrollers 


ransom rn 


Model 


MSM6404A-XX 


MSM6411B-XX 






MSM6434-XX_ | 4 Bit Single Chip Microcontroller with A/D CMOS 4Kx8 
Converter 

MSM6408-XX_ | 4 Bit Single Chip Microcontroller 

MSM6442-XX_ | 4 Bit Single Chip Microcontroller with LCD CMOS 5V LCD46 (DC) /92 
Driver (1/2 duty) 

buzzer 1 

MSC6458-XX 4 Bit Single Chip Microcontroller with FLT Bi- 5V 8Kx8 FLT 12(Tim)/ 

Driver CMOS 12(Seg) 


MSM6502B-XX LCD segment 


output 108 


MSM6512-XX LCD segment 
output 108 


Low Power 4 Bit Single Chip Microcontroller | CMOS 3V 
with LCD Driver 
Low Power 4 Bit Single Chip Microcontroller | CMOS 3V 
with LCD Driver 






Package 
42 DIP 
44 QFP 
16 DIP 


24 DIP 
24 SOP 


30 SDIP 


42 DIP 
44 QFP 


80 QFP 


64 SDIP 


56 QFP 
(small) 


56 QFP 
(small) 
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c 


mM OLMS-62K 8-Bit Series Single-Chip Microcontrollers 


ROM E2PROM ere 
Model Function Process Capacity | Capacity | Capacity p Output Ports I/O Ports Package 
orts 
(Bits) (Bits) 
MSM62720-XX_ | 8 Bit Single Chip CMOS 5V 3Kx8 2Kx8 128x8 Serial interface | DIE FORM 
Microcontroller with 
E2PROM 
MSM62780-XX_ | 8 Bit Single Chip CMOS 5V 6Kx8 8Kx8 192x8 Serial interface | DIE FORM 
Microcontroller with 
E2PROM 
MSC62408-XX* | 8 Bit Single Chip Bi- 5V 15Kx8 352x8 FLT8 (Tim)/ 80 QFP 
/62G408 Microcontroller with CMOS 24 (Seg)/ 
FLT Driver 8 (Tim or Seg) 


* Under development 
Input 
Output Ports I/O Ports Package 
Ports 
32 40 DIP, 44/64 QFP 
44 PLCC 
32 40 DIP, 44/64 QFP 
44 PLCC 





m OLMS-65K 8-Bit Series Single-Chip Microcontrollers 


Supply 
Model Function Process | Voltage 
(Vpp) | 
MSM65511-XX* | High Performance CMOS 5V 4Kx8 128x8 
8 Bit Single Chip Microcontroller 
MSM65512-XX* | High Performance CMOS 5V 8Kx8 256x8 
/65P512 (OTP) 8 Bit Single Chip Microcontroller 
MSM65513-XX* | High Performance CMOS 5V 8Kx8 256x8 64 SDIP, 64 QFP 
/65P513 (OTP) 8 Bit Single Chip Microcontroller (small), 68 PLCC 
MSM65524-XX* | High Performance CMOS 5V 16Kx8 384x8 64 SDIP, 64 QFP 
/65P524 (OTP) 8 Bit Single Chip Microcontroller 


(small), 68 PLCC 
* Under development 
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@ Intel Compatible 8-Bit Series Single-Chip Microcontrollers 


Model Function asain mage Package Remarks 
‘MSM80C35 8 Bit Single Chip Microcontroller CMOS 40 DIP External ROM 
44 QFP 
MSM80C39 8 Bit Single Chip Microcontroller CMOS 40 DIP External ROM 
44 QFP 
MSM80C48-XX 8 Bit Single Chip Microcontroller CMOS 40 DIP 
44 QFP 
MSM80C49-XX 8 Bit Single Chip Microcontroller CMOS 
MSM80C40 8 Bit Single Chip Microcontroller CMOS 
MSM80C50-XX 8 Bit Single Chip Microcontroller CMOS 
MSM80C31F 8 Bit Single Chip Microcontroller CMOS 
MSM80C51F-XX 8 Bit Single Chip Microcontroller CMOS 40 DIP, 44 QFP 
| 44 PLCC 


MSM80C154 8 Bit Single Chip Microcontroller CMOS ae 40 DIP, 44 QFP External ROM 
44 PLCC 


40 DIP 
44 QFP 


40 DIP External ROM 
44 QFP 
40 DIP 
44 QFP 
40 DIP, 44 QFP External ROM 
44 PLCC 


MSM83C154-XX =| 8 Bit Single Chip Microcontroller CMOS 44 DIP, 44 QFP 
44 PLCC 
MSM85C154 8 Bit Single Chip Microcontroller CMOS Ceramic, piggyback 
MSM6404VS High Performance CMOS 
4 Bit Single Chip Microcontroller 
MSM6458VS 4 Bit Single Chip Microcontroller with FLT Bi-CMOS 
Driver 
MSM62G408 8 Bit Single Chip Microcontroller with FLT Bi-CMOS Ceramic, piggyback 
Driver Under development 
MSM66G301 High Performance CMOS Ceramic, piggyback 
8/16 Bit Single Chip Microcontroller 


Ceramic, piggyback 


5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V Ceramic, piggyback 
5V 

5V 
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OL 


m@ OLMS-66K 8/16-Bit Series Single-Chip Microcontrollers 


Model Function 





| 
Output Ports /O Ports | Package 
Ports 
CMOS 5V 64 SDIP 
64 QFP 
(small) 
5V 16Kx8 64 SDIP 
64 QFP 
(small) 
CMOS 1024x8 64 SDIP 
64 QFP 
(small) 


m@ OLMS-67K 16-Bit Series Single-Chip Microcontroller 


: | t 
Function Process Output Ports I/O Ports 
Ports 
High Performance CMOS 5V 16Kx16 
16 Bit Single Chip Microcontroller 













MSM66301-XX_ | High Performance 


8/16 Bit Single Chip Microcontroller 









MSM66201-XX* 
/66P201 (OTP) 


High Performance 
8/16 Bit Single Chip Microcontroller 







MSM66207-XX* 
/66P207 (OTP) 


High Performance 
8/16 Bit Single Chip Microcontroller 


* Under development 













Package 






MSM67620-XX 
/67P620 (OTP) 


64 SDIP 
64 QFP 
(small) 
68 PLCC 
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CODE ENTRY i 


The program code ENTERING method is outlined below. 


1. USABLE MEDIA 
(1) 2 pieces of same type EPROMs containing identical DATA 


EPROM specification 

2716 

2732 

27C32 

27C32A 

2764 

27C64 

27128 

27256 


(2) 1 copy of object machine code list 


1 © CODE ENTRY @ 


2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES 


USER @ Program with OKI development tool. 








oooo 0000 


° 
° 
° 
° 
°o 
° 

° 
° 





Printout 


@ Engineering Sample 


Actual production sample of your microcontroller 
chip prepared for final approval. 










et 
Re eR SNe Sata’ retreats eeaacerannrorerat 
SEE 


START 


PRODUCT/SYSTEM 
MANUFACTURE 


eS 
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@ PROGRAM DEVELOPMENT SYSTEMS @ 


Program Development System 


HM Low Power Series 


Object Chip System Name Standard Software 


MSM5052 EASE5052/56 
MSM5056 
MSM5054 EASE5054/55 


MSM5055 ASM50 cross 
MSM6051 EASE6051 assembler 
MSM6351 EASE635 1/53 host monitor 

MSM6353 

MSM6352 EASE6352 





Note: Standard software adaptable to following operating systems. 
CP/M-80: Various personal computer models 
MS-DOS: OKI if800, NEC9801 and equivalents 
PC-DOS: IBM PC-XT, AT and 5550 - 


m@ OLMS-64 Series 


Object Chip aaah 


Module 
MSM6408 
MSM6404A 


MSM6422 EASE6400 | PAM6422 















Field 
Dubugging 
Tool 


ASM6400 PEM6422 



















Adaptor 


Standard Software Piggyback 





















EASE 

















| PEM6411 | 
host 
monitor 
EASESA58 | — pasmeass | — | Msc6asavs | 


Note: Standard software adaptable to following operating systems. 
EASE, ASM6400: CP/M-80 (various personal computer models) 
ASM6458: MS-DOS (for OKI if800, NEC9801 and equivalents) 
PC-DOS (for IBM PC-XT, AT and 5550) 


Mm OLMS-65 Series 


Object Chip Standard Software Field Debugging Tool 


MSM6502B EASE6502 EASE65 MPB6502EVA 
MSM6512 ASM6502 

















Note: Standard software adaptable to CP/M-80, MS-DOS and PC-DOS. 
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@ PROGRAM DEVELOPMENT SYSTEMS e 


Ls Intel Compatible 8-Bit Series 


Optional . 
h ft Pp back 
MSM80C48 EASE49 host monitor 
MSM80C49 EASE80C49 ASM49 assembler 
MSMsg0C50 
MSM80C51 EASE80C51mkIil EASE host monitor See note 1 MSM85C154VS 
MSM83C154 ASM51 assembler 
Notes: 1. Optional software for MSM80C51 family is as follows: 
PASM pre-processor, MAC51 relocatable assembler, RL51 linker, LIB51 


librarian, $ID51 symbolic debugger. 
2. Above software can be used in following operating systems: 
















@ EASE49: CP/M-80, MS-DOS 
@ ASM49: CP/M-80, MS-COS 
@ EASE, ASM51: CP/M-80 for Oki if800, NEC PC8801, etc. 


MS-DOS for Oki if800, NEC PC9801, etc. 
PC-DOS for IBM PC-XT, AT and IBM5550 
@ PASM, MAC51,RL51,LIB51: = CP/M-80 for Oki if800, NEC8801, etc. 


m™ OLMS-62K/ — 65K/ - 66K/ - 67K Series 


Object Chip Standard Software Optional Software 


MSC62408 OMFICE62408 AS62400, EASE 


eee 
MSM62780 
65512/65513 LIB65K, SID65K * 
MSM66201/66207 LIB66K, SID66K SDB66K * 

LIB67K, SID67K * 


* Under development 
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MSM80C154 
MSM85C154V 
MSM66P201 
MSM66207 
MSM66P207 
MSM66301 
MSM67620 
MSM67P620 


MSM66201 


MSM65524 
MSM80C35 
MSM80C48 


MSM80C39 
MSM80C49 
MSM80C40 
MSM8s0C50 
MSM80C31F 
MSM80C51F 
MSM83C154 
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© PACKAGING @ 





PLASTIC DIP 


16PIN PLASTIC DIP 
DIP16-P-300 


Seating Plane 


24PIN PLASTIC DIP 
DIP24-P-600 


28PIN PLASTIC DIP 
DIP28-P-600 





36. 70*0. 30 


1,524#0. 10 
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PLASTIC DIP 


A40PIN PLASTIC DIP 
DIP40-P-600 


42PIN PLASTIC DIP 
DIP42-P-600 
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PLASTIC SDIP 


30PIN PLASTIC SHRINK DIP 
SDIP30-P-400 








| 10. 1640. 30 


ety 15 | y 








a) o~15" 


42PIN PLASTIC SHRINK DIP 
SDIP42-P-600 


RAAOAOHARHAMERARAAIC 


UU UU UU UU UU UU GUN 
1.77880. 25 


64PIN PLASTIC SHRINK DIP 
SDIP64-P-750 





N 
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PLASTIC SOP 


24PIN PLASTIC SOP 
| SOP24-P-430-K 


PLASTIC SOP 


24PIN-V PLASTIC SOP 
SOP24-P-430-VK 
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PLASTIC QFP 


44PIN PLASTIC QFP 
QFP44-P-910-K 


14.50+0. 40 


10.5040. 30 


13. 5040. 40 


° 
ro) 
S 
H 
o 
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o 


pod gipiatal 
index Mark UU UUE OU Fi 
1. 30TYP 0./8D40.10 || 0.3040. 10 
rel ao 


44PIN PLASTIC QFP 
QFP44-P-910-VIK 


14. 50+0. 40 


10. 50+0. 30 


§. 50+0. 30 
13. 50+0. 40 
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PLASTIC QFP 


44PIN-V PLASTIC QFP 
QFP44-P-910-VK 
2 


14.5020. 40 





10. 50+0. 30 


13.500. 40 


a PIAUEININIOIBINIBIBION 
Index Mark | UU i 
1. 30TYP 0.le0+0. 10 |10. 3040. 10 
lb a 





56PIN(S) PLASTIC QFP 
QFP56-P-910-K 


14.50+0. 40 


10. 50+0. 30 


13. 50£0. 40 


+0. 110 
0. 15-0. 05 


so _| 
Index Mark qn, 
1.ooTyP | | o.lésso. 
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PLASTIC QFP 


S6PIN(S)-V PLASTIC QFP 
QFP56-P-910-VK 


14. 50#0. 40 


poe nad 
Index Mark UUOUU 
1. OOTYP 0./85+0. 


ETT ES, 
Dy 7] 


GAPIN PLASTIC QFP 
QFP64-P-1414-K 


+0. 10 
0. 15-0. 05 
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PLASTIC QFP 


8OPIN PLASTIC QFP 
QFP80-P-1420-K 





100PIN PLASTIC QFP 
QFP100-P-1420-K 
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MOINS 


PLASTIC QFJ (PLCC) 


44PIN PLCC 
QFJ44-P-S650 


17.5340. 20 


16.5940. 15 


16, 5940. 15 
17.5340. 20 
5. 24+0. 30 


15. . 
40.15 
20-0. 05 


Seating Plane 15.2440. 30 


68PIN PLCC 
QFJ68-P-S950 


25. 1540. 20 


24. 2130.15 


ue 


3 
=s 
& 


24. 2120.15 








C 


Seating Plane 
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CERAMIC PIGGY BACK (Evaluation Sample Only) 


40PIN CERAMIC PIGGY BACK 
ADIP40-C-600 


42PIN CERAMIC PIGGY BACK 
ADIP42-C-600 


64PIN CERAMIC PIGGY BACK 
ADIP64-C-750 


elelelolelelelsjolelejale) 


psoeoeeecoeooe -——— 
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RELIABILITY 
INFORMATION 





RELIABILITY INFORMATION 


1. INTRODUCTION 


Semiconductor devices play a leading role in the 
explosive progress of technology. They use some of 
the most advanced design and manufacturing tech- 
nology developed to date. With greater integration, 
diversity and reliability, their applications have ex- 
panded enormously. Their use in large scale com- 
puters, control equipment, calculators, electronic 
games and in many other fields has increased at a 
fast rate. 

A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable, high quality 
memory devices is strong. 

We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 


2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 


The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 
and satisfy customer needs, we carefully consider 
functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity. Then we prepare 
the development planning and time schedule. 


2) Developmental prototype stage 

We determine circuits, pattern design, process 

settings, assembly techniques and structural re- 

quirements during this stage. At the same time, 
we Carry out actual prototype reliability testing. 

Since device quality is largely determined during 

the designing stage, Oki pays careful attention 

to quality confirmation during this stage. 

This is how we do it: 

(1) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 
tion technology and reliability departments 
get together for a thorough review to ensure 


design quality and to anticipate problems 
that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit Component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special evaluation tests. In 
addition, the stability and capacity of the 
manufacturing process are checked. 


3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 


4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
identical to those under which a customer would 
actually use the device. This lot guarantee in- 
spection is performed in three different forms as 
shown below. 


(1) Group A tests: appearance, labels, dimen- 
sions and electrical charac- 
teristics inspection 

(2) Group B tests: check of durability under 
thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group C tests: performed periodically to 
check operational life, etc., 
on along term basis. 

Note: Like the reliability tests, the group B tests 

conform to the following standards. 
MIL-STD-883B, JIS C 7022, EIAJ-IC-121 


31 


wie3sASs esueinssy AwjenH | eanbi4 


Se roan [SR | come | 
a 


Transportation 
Control 
Failure 





Acceptance 
of order 










Marketing & Product Planning 






a Quality 


Development Objectives 












Design Design Review and Trial Product Review 


Li Layout Program 
Technical 


Operation 
& Quality Standard 


Standards 
Production 


Process 
Setup 


Purchasing 
Guidelines 


















Production 
Planning ; 












Production 



















Process 
Control 


2 a ee 


Vendor 
Control 
oat Production p 
Process 
Control 









Acceptance 
inspection 
a In-Process 
ab Inspection 
Product 
ci 
Quality 


Testing 



















inspection 


















Storage 
Control 









Shipment 
Delivery 
















Service 












Report 
Analysis : 









Quality Assurance 
& Quality Control 
Staff Activities 






eQuality and Reliability 
Information Analysis 

® Quality Evaluation 

Failure Analysis 







Reliability : ‘ 
Engineering Quality Management and Education 


Quality Control Program + Reliability Program 












Quality Assurance 






e NOILVNYOANI ALINEVINAaY e 





@ Production Process Quality Control 
(D Lot Control 

(2) Equipment Conditions 

(3) In-Process Inspection 

(4) Thermal Screening 

(5) Seal Test 


Production 
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Sahat @ Electrical Test 
nd Sorting @ Regular Check of Measuring 
Equipment: 


e Group A Test 
Group B Test 
@ Group C Test 


Outgoing 
Inspection 


Storage 


Figure 2 Manufacturing Process 


Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 

Figure 2 shows the manufacturing flow of the 
completed device. 


Failure 
report 
Sales 
Department 
Analysis 
report 





5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 


Request for 
technical 
improvement 
Engineering 
Department 
Report on 
results of 
investigation 
& improvement 


Assurance 
Department 


Request for 
improvement 
Technical 
direction 


technical 


Report on 
results of 
investigation 

& improvement 
Manufacturing 
Department 


Request for 
manufacturing 
improvement 


Figure 3 Failure report process 
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3. EXAMPLE OF RELIABILITY TEST 
RESULTS 


We have outlined the quality assurance system 
and the underlying concepts employed by Oki. 
Now, we will give a few examples.of the reliability 
tests performed during the developmental and 
production prototype stages. All reliability tests 
performed by Oki conform to the following stan- 
dards. 


MIL-STD-883B, JIS C 7022, EIAJ-IC-121 


Since these reliability tests must determine per- 
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per- 
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 

By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
improving the manufacturing processes. Some 
of the more common defects in LSI elements and 
their analysis are described on next page. 
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MICROCONTROLLER LIFE TEST RESULTS 


Part name MSM80C31/51- MSM80C35/39/48/49- MSM83C154- 
XXRS XXRS XXRS 


Function 8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP | Referred 
MICROCONTROLLER|MICROCONTROLLER|MICROCONTROLLER| standard 
Test Test Sample} Test |Failures|Sample| Test |Failures|Sample| Test |Failures 
item condition size jhours size |hours size jhours 
(pcs) (pcs) (pcs) 
Operating Ta=125°C 88 |2000 88 | 2000 MIL- 
life test Vcc = 6V (H) (H) STD-883C 
Temperature Ta=85°C 100 |2000 0 100 |2000 
humidity test RH = 85% (H) (H) 
Vcc = 6! 
Temperature |— 55°C@RT2 150°C 300 100 
cycling test | (30 min) ft (30 min) (cy) 
(5 min) : 
Pressure Ta=121°C 200 
cooker test RH = 100% (H) 
2 atm 





MIL-STD- 
883C 
METHOD 
1010 


4 BIT ONE CHIP 8 BIT ONE CHIP | Referred 
MICROCONTROLLER|MICROCONTROLLER| standard 


Operating Ta=125°C 88 | 2000 88 | 2000 
life test Vcc = 6V (H) (H) 
Temperature Ta = 85°C 100 |2000 100 |2000 
humidity test RH = 85% (H) (H) 
Vcc = 6V 
Temperature |— 55°C@RT#150°C; 100 | 500 100 500 
cycling test |(30 min) t (380 min) (cy) (cy) 
(5 min) 
Pressure Ta=121°C 200 200 
cooker test RH = 100% (H) (H) 
2 atm 
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS 


: MSM80C31/51- MSM80C35/39/48/49- MSM83C154- 
art name XXRS XXRS XXRS 
8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP Referred 
MICROC@NTROLLER | MICROCONTROLLER | MICROCONTROLLER| standard 
Test Test Sample | Failures Sample | Failures Sample | Failures 
item condition size (pcs) size (pcs) size (pcs) 


22 MIL- 
Fp / STD-883C 
METHOD 

2003 























Soldering 
Heat Test 








- 55°C=2RT2 150°C 
(30min) (Smin) (30min) 
20 cycles 








Temperature 
Cycling Test 





















Thermal 100°C2#0°C 
Shock (Smin) (Smin) 
Test 10 cycles 













Tensile | 500g 10SEC MIL- 
Lead Tensile 4 STD883C 
METHOD 





integrity 250 7 180" BEND 


Soiderability 230°C 5 SEC wit 


Part name MSM6404 “MSM80C31JS 
XXJS 
4 BIT ONE CHIP 8 BIT ONE CHIP j| Referred 
MICROCONTROLLER }MICROCONTROLLER| _ standard 
Test Test Sample Failures Sample j{ Failures 
item condition size (pcs) size (pcs) 


PRE-Bake Bake 
MIL- 
STD-883C 
METHOD 
1010 
MIL- 
STD-883C 
METHOD 
1011 


(125°C, 6 hrs) . 


2004 


MIL 
STD883C 
METHOD 
2003 


























Vapor Phase Reflow 
(215+ 2°C,90 + 10, — Osec) 
2 times 


Soldering 
Heat Test 

















—55°C2RT2 150°C 
(30min) (min) (30min) 
20 cycles 





Temperature 
Cycling Test 
















Thermal Environmental Test 







Thermal 100°C20°c 
Shock (5min) (5min) 
Test 10 cycles 





Solderability 





Immerse into Flux 


Immerse into Solder 
(215+ 2°C 10+ 1sec) 


Si (125°C, 24hrs) 


Other Test 
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4. SEMICONDUCTOR MEMORY 
FAILURES 


The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) are described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 


Semiconductor Element Failure Rate Curve 


Initial SHIPPING Wear-out 


failure Random failure 
failure 


General 
electronic 


Failure Rate — 


devices 


; — Time 
Semiconductor 
elements 


SS 
Debugging by burn-in 
screening 





1) Surge Destruction 

This is destruction of the input/output stage cir- 
cuits by external surge currents or static elec- 
tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 





Example of surge destruction 


al conditions) in the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated in the input and 
output sections. 


Input section 


MM 
oe Poly Si 

Destruction 

position 


- XN 
Aluminum 


wire 





2) Oxide Film Insulation Destruction (Pin Holes) 
Unlike surge destruction, this kind of failure is 
caused by manufacturing defects. Locally wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, it can be resolved by maintaining an 
ultra-clean manufacturing environment and 
through 100% burn-in screening. 


3) Surface Deterioration due to lonic Impurities 
Under some temperature and electric field condi- 
tions, charged ionic impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 


4) Photolithographic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in- 
tervention in the process, and unparalleled 
cleanliness, solves this problem. 


Photolithographic Defect 
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5) Aluminum Corrosion 

Aluminum corrosion is due to electrolytic reac- 
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
Capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 


6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMs. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present in minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 
referred to as a “soft” failure. At Oki we have 
eliminated the problem by coating the chip sur- 
face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 


Package ceramic 


awe usepe stlicon oxide 


film 


Substrate silicon 


eh dos a-particle 
lonization along 


the a-particle path 
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7) Degradation in Performance Characteristics 
Due to Hot Electrons 

With increased miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- 
though previous low-temperature operation tests 
have indicated an increase of this failure, we 
have confirmed by our low-temperature acceler- 
ation tests, including checks on test element 
groups, that no such problem exists in Oki LSIs. 


Drain 
+VD 


+VG | 4 
| 
Gate y 


Source 


Substrate silicon 





Characteristic deterioration caused 
by hat electrons 


With further progress in the miniaturization of cir- 
cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
increased. To eliminate these defects during 
manufacturing, Oki has been continually improv- 
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
in screening for 48 to 96 hours to ensure even 
greater reliability. 


DATA SHEET 


C 
OLMS-50/60 SERIES 





OKI semiconductor 
MSM5052 


CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
TEMPERATURE DETECTION CIRCUIT AND LCD DRIVER 





GENERAL DESCRIPTION 


The OKI MSM5052 is a low-power and high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4 bit ALU, 
18K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port, output port and CR oscillator for temperature detection. 

The MSM5052 is widely used in electronic products requiring low power operation, for example, 
thermometer and clinical thermometer with a time piece. 


FEATURES 
@ Low Power Consumption 3 A Typical ® 42 Instructions 
@ 1280 x 14 Internal ROM @ 1.5 V Operating Voltage 
® 62 X 4Internal RAM ® 32.768 kHz Crystal Oscillator 
@ 4 X 2 Input Port ® 122.1 us Instruction Cycle 
@ 5 Output Port @ —20 to 75°C Operating Temperature 
@ 4X 4Key Matrix Input (K1 ~K4, M1 ~M4) ® 61 paddie 
@® 26LCD Driver @ Package: 
(1/2 Duty, 1/2 Bias, 52 Segment) 56(S) pin plastic QFP (QFP56-P-910-K) 
56(S) pin plastic QFP (QFP56-P-910-VK) 
FUNCTIONAL BLOCK DIAGRAM 80 pin plastic QFP (QFP80-P-1420-K) 


A6—~A4 A3~A0 


Fan 
At 
= — 
ee ne ee 
poste See ay 
ee ee | 


2 
DATA RAM 
BUZZER boule 62 word x 4 bit 
DRIVER DOUTS 


DISPLAY 
LATCH [~)> 9 
SEGMENT 


and 
OUTPUT DRIVER OUT26 
PORT CoM! 
(M1~M4) 


COM2 
Ki INPUT 
2 [PORT DOUT)3~ DOUT 
4 (K1~K4) - ° INSTRUC- 
AO 


K 
TION 
DECODER 
Si INPUT es ‘ PROGRAM ROM 
ines. 1 
S4 (S184) 1280 word X 14 bit 


FMT =) 
REGISTER 


Ba a 
PELL LIL 


THR CIN Vop Vss, Vss, Vcp Vem AC 71 T2 T3 Ta Ts 
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LOGIC SYMBOL 


OSCILLATION 


INPUT PORT 
(S1~S4) 


INPUT PORT 
(K1~K4) 


OUTPUT PORT 
(M1~M4) 


OUTPUT PORT 
RESET 


POWER SOURCE 








CHIP PAD LAYOUT 


SECMENT OUT 


OSC1 SEGMENT 
OSC 


\ LCD DRIVER 


OSCILLATION 
CIRCUIT FOR 
TEMPERATURE 
DETECTION 


BUZZER OUTPUT 


TEST 


M2M3 M4LD|K1 K2K3 K4]C 


CHIP SIZE.4.77 X 4.36 (mm) 


PIN DESCRIPTION 
Designation Function 
VDD Circuit ground potential 
Vss, Power source (—1.5 V) 
Vssp Power source for LCD driver (—3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 «F capacitor. 
Vcp, VCM Booster capacitor connection terminals 
Vcp terminal is connected to Vcp terminal through a 0.1 wF capacitor. 
OSC1,OSC3 Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 
T1 ~T5 Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to Vss,. 
T4 is output. Test pins must be normally open. 
AC Terminal to clear internal logic pulled down to Vss,. 
After power is turned on, the MSM5052 must be reset by this terminal. 
BD Buzzer output 
TH, R, C, IN Terminal to CR oscillation circuit for temperature detection, 


fundamental resistor, thermistor, capacitor connection terminal. 





FUNCTIONAL DESCRIPTION 


A block diagram of the MSM5052 is given on 
page 91. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5052 user’s manual. 


Program ROM 

The MSM5052 addresses up to 1.25 K 
words of internal mask programmable ROM. 
Each word consists of 14 bits and all 
instructions are one word. The instructions are 
routed to a programmed logic array which 
generates the signals necessary for control of 
logic. 


Data RAM 

Data is organized in 4-bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified with page register, but direct 
addressing is available in Page O. 

Column address is directly addressed by 
operand of various instructions. 


ALU 

The ALU performs 4-bit parallel operation on 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 


Program Counter (PC) 

The program counter is 11 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 


Input/Output Port 

Input Port (S1 ~ S4) 

The input port (S1 ~ S4) is a 4 bit parallel 
input port. Each pin of the port is pulled down to 
Vss1 by an internal resistor, and the status of 
the port is fetched by an input instruction. 
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Input Port (K1 ~ K4) 

The input port (K1 ~ K4) is a 4 bit parallel 
input port. Each pin of the port is pulled down to 
Vssi1 by an internal resistor, and the status of 
the port is fetched by an input instruction. 


Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4 bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by an output instruction. 


Output Port (LD) 

The output port (LD) is single output port. 
This terminal is used for loading of M1 to M4 
data. 


Display Function 

The MSM5052 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD and the common drive output 
terminal COM1 and COM2. 

The segment drive circuit consists of the 
display data latch, multiplexer and driver. If the 
data is sent to the display data latch with a 
display instruction, the LCD drive waveform is 
output to the segment drive output terminal. 


Time Base 
The time base for the CPU is provided by 
connecting a 32.768 kHz crystal to the OSC1 
and OSC3 pins. One machine cycle is 122.1 ys. 
A hardware divider up to 1 Hz is provided 
enabling programs to implement a clock function 
by counting signals between 16 and 1 Hz. 


Temperature Detection Circuit 

The temperature detection circuit is 
composed of an external thermistor, a 
fundamental resistor, a capacitor and a built-in 
CR oscillation circuit. 

Two types of temperature measurement 
circuit, as shown below, are available. 









MSM5052 
MSM5052 © Clinical 
Thermometer R Thermometer 


(R, TH series) 


(R, TH parallel) 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING CONDITIONS 


Operating Temperature —20 to 75 °C 


DC CHARACTERISTICS 
(Vpp =OV, Vgs; = —1.55V, Vgge = —3.0V, Cj = 30k, Ta = 25°C) 


Parameter Symbol Condition Unit 
in se os 


Oscillation start Within 10 seconds 1.45 V 
lOH: | VOH: =—0.2V 


Vom; = Vssg, + 0.2V 


Output current 1 


‘= 
> 


: ey 
Game 
Cee re i. re 
Output current 2 VoHe=-02V 0-04 | = 
aaa lol. Ome I 
Output current 3 em 


= 
> 





|-400 | : 
C.R.TH lots | VoLs=—1.15V 400 | Me 
Output current 4 lOHs | VOHs = —0.4V 100 
A 
Output current 5 lOHs 
BD lots | VoLs=—1.15V 
Input current ViH; =OV | 1 | 10 | 100 | 


A 
sist ctoet Pigs [wea a 


Oscillator built-in 


Siac co = [2] - [or 
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MEASURING CIRCUIT 


OSC3 
OSC1 


VDD VSS1_ VSS2 


: 20 pF 

:0.1 uF 

: 3000 pF 

: 32.768 kHz 
>: 10K 





TYPICAL APPLICATION 


COM2 SEGMENTS COM1 
HI 


LO 
Data 
Latch 


Alarm output 


Serial data 
MSM5052 


OSC1 
: OSC3 
32.768 kHz 


63 YEP R:=33k0 
VCM 0 R2= 20k 


TH 40BT-5 
40K0Q+10% at 25°C 
B= 3550+2% 


VSS2 Ks Se Si 


C:1=680 pF 
C2=5 ~ 35 pF 
C3=0.1 uF 
C4=0.1 pF 


C/F Se Si 
*1. Inner switch or pad on PCB 


*2. Bonding option 


second Sampling 
Thermometer 10- 
second sampling 


The highest 
temperature alarm 


he lowest 
temperature alarm 
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DESCRIPTION OF INSTRUCTIONS 


48 


Arithmetic operation 


Shift Bit operation 


Flag operation 


Data transfer 


Instruction Code 


Operation 


Sal 


31211109 8 76543 2 1 


io) 


ADD ACC, AP 
ADD #D, AP 










AP — (AP) + (ACC) 
AP <- (AP) — D 


AP + Decimal adjust 
{(AP) + (ACC) + (C)} 


AP + (AP) — (ACC) 
AP + (AP) — D 


AP +— Decimal adjust 
{(AP) — (ACC) — (C)} 


SUB ACC, AP 
SUB #D, AP 


o>) Oo eo) oe) 
oO © o>) 
oO © oO 
uU “O Uv 


CMP ACC, AP (AP) — (ACC) 
CMP #D, AP (AP) — D 
10 0 0 1] AP — (AP) + 1 
(0.0... 4 A—(AP) — 1 
XOR ACC, AP fora. a. | AP <— (AP)*- (ACC) 
XOR #D, AP FD | AP — (AP) ¥D 
BIT ACC, AP 00 P/1 11 0| (AP) V (ACC) 
BIT #D, AP Le od (AP) VD 
BIS ACC, AP oo0o0Pp|0110|] A PAP — (AP) V (ACC) 
jas#o.ar [0 1jo00F| b | A [AP=wnvD 
ee a 


one. t Fi 
ASL AP 0 0]0 01 P/O O71 1 A (C) — (AP) —0O 
azo ojo 0 0 oft 01 [00 Oo [emo 
jae fo ofa oo oft 00 1fo 000 leno 
aa fo ofa oo ofr oi ijooeolzacwo 


MOV ACC, AX 
MOV #D, AP 
MOV AP, ACC 
MOV AX, ACC 
CHG AP 

CHG AX 


o) 
x< 


AX — (ACC) 
AP —-D 

ACC = (AP) 
ACC = (AX) 
0000 (ACC) ——> (AP) 
(ACC) —— (AX) 


sz_—*fe 00.01 0/1 0 1 0000 0 [zm 

Sa CO CO 

aio foot ofr o1 soo 00 [ener 

MOV ACC, AP 11/1 1.0 Plo 0 0 of A | AP — (ACC) 
ta 70) 


0000 


eo) 
Oo 
x< 
{| beue 


io) 
x< 





DESCRIPTION OF INSTRUCTIONS (CONT.) 


Instruction Code 
Mnemonic 


31211098765 43210 


JMP!IO @AP 


® MSM5052 @ 


Operation 


PC < adrs 
PC < (PC) + (AP) +1 
PC <— (PC) + [(AP)A7H] + +1 








BEP 
BZE Oo 1 1 
BNE 
o | BNZ O11 0/1 1 O nin, n,n, n, 
= 
5 | pcs 
BLT 011 0 n,n, n,n, 
ae O11 0/1 0 1 nin, n,n, ny 


co Ee a 
[mr _oolavo aoe vjeaae 


PC <«~ (PC) +n+1, if Z=1 
PC <« (PC) +n+1, if Z=0 
PC < (PC) +n+1,if C=1 


PC <« (PC) +n+1,if C=0 


cae aes 0 


0 


QO il 


fZ 

nd 
PC <« (PC) +n+1, Le : 

rc 


yt 


AP < (Port) 

Port <— (AP) 

Port < D 

digit — (AP), (ACC) 
digit — (AP) via table 
Halt CPU 


No Operation 
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OKI semiconductor 
MSM5054 


CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
LCD DRIVER 














GENERAL DESCRIPTION 


The OKI MSM5054 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4-bit of ALU, 
14K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port and output port. 

The MSM5054 is widely used in electronic products requiring low power operation, for example, 
Clocks, Timers and Games. 


FEATURES 
@ Low Power Consumption 3 wA Typical @ 40 Instructions 
@® 1024 Xx 14 Internal ROM @e 1.5 Vor3 V Operating Voltage 
® 62 X 4Internal RAM (Masking Option) 
@ 6 Input Port @ 32.768 kHz Crystal Oscillator 
@ 4 Output Port @ 122.1,us Instruction Cycle 
@ 4 X 4 Key Matrix Input (S:~S4, Mi~M4) @ —20 to 75°C Operating Temperature 
@ 44 LCD Driver @ 74 pad die 

(1/2 Duty, 1/2 Bias, 88 Segment) © Package: 

56(S) pin plastic QFP (QFP56-P-910-K) 

FUNCTIONAL BLOCK DIAGRAM 80 pin plastic QFP (QFP80-P-1420-K) 


DINo 


DIN3 DATA RAM 
BUZZER ACC meses 62 word x 4 bit 


A6~A4 A3~A0O 


F M 
REGISTER] [REGISTER bees [mex \ 
i. 
P 
if REGISTER 
SEGMENT 
LAMP [mex \ 
DISPLAY OUT, 
at 2 i ef fe LATCH 


i, § 
(Sa epamamneaarearsrees ¢ (8 SEGMENT 
Mi OUTPUT 

ees oy a: | ein 

4 


OUT a4 
COM, 
(M1~M4) 





(INPUT 


Ki cy port => 5S 
Ky (K:~Ka) DOUT,3~ DOUT 9 


Ao 
$] INPUT 2 
2 [2) Port ca A, PROGRAM ROM 
S4 


(S:~S,) 1024 word x 14 bit 
iis FMT = 
REGISTER 
TIMING 


GENERATOR 


Ce Ae a pase | 


Voo Vss, Vss, Vee Vep Vem AC T; Tz T3 Tq Ts 32Hz 
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® MSM5054 ® 
LOGIC SYMBOL 


OSCILLATION [ 


INPUT PORT 
(Sy rad Sq) 


INPUT PORT 


OUTPUT PORT 
(M1~M4) 


SOURCE 





CHIP PAD LAYOUT 


LCD 
DRIVER 


LAMP OUTPUT 


SEGMENT OUTPUT 
CHIP SIZE 4.68 X 4.23 (mm) 


PIN DESCRIPTION 


Designation Function 
Vpp Circuit ground potential 
VSSi Power source (—1.5 V) 
Vss> Power source for LCD driver (—3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 
VEE Power source for internal logic (—1.5 to —3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 ,«F capacitor. 
Vop. VCM Booster capacitor connection terminals 
Vcop terminal is connected to Vc terminal through a 0.1 «wF capacitor. 
XT, XT Input and output terminals of oscillator inverter, 
32.768 KHz crystal is connected to these terminals. 
Ti~Ts Terminals to test internal logic, T: ~ Ts and Ts are pulled down to Vss,. 
Ta is output. Test pins must be normally open. 
AC Terminal to clear internal logic pulled down to Vss, 
After power is turned on, the MSM5054 must be reset by this terminal. 
BD Buzzer output 
LD Lamp output 
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FUNCTIONAL DESCRIPTION 


A block diagram of the MSM5054 is given on 
page 97. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5054 user’s manual. 


Program ROM 

The MSM5054 addresses up to 1 K word of 
internal mask programmable ROM. Each word 
consists of 14 bits, and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 


Data RAM 

Data is organized in 4-bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified by the page register, but direct 
addressing is available in Page 0. 

Column address is directly addressed by the 
operand of various instructions. 


ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 


Program Counter (PC) 

The program counter is 10 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch instruction. 

There is no boundary in the ROM, so the 
Jump or Branch instruction can be put anywhere 
in the ROM. 


52 


Input/Output Port 

Input Port (S1 ~ S4) 

The input port (S1 ~ S4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
Vss1 by an internal resistor, and the status of 
the port is fetched by the SWITCH instruction. 


Input Port (K1 ~ K4) 

The input port (K1 ~ K2) is a 2-bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port is fetched by the KSWITCH instruction. 


Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
Output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by a matrix instruction. 


Display Function 

The MSM5054 is provided with a segment 
Output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD, and the common drive 
output terminal COM1 and COM2. The segment 
drive circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the 
display data latch with a display instruction, the 
LCD drive waveform is output to the segment 
drive output terminal. 


Time Base 

The time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the XT and 
XT pins. One machine cycle is 122.1 ys. 

A hardware divider of up to 1 Hz is provided, 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 


© MSM5054 e 





ABSOLUTE MAXIMUM RATINGS 


Parameter Limits Unit 
Supply Voltage 1 ~0.3 to +2.0 V 
Supply Voltage 2 ~0.3 to +4.0 V 
Supply Voltage 3 —0.3 to +4.0 V 
Input Voltage Vsg,—0.3 to +0.3 V 
Storage Temperature | Tstg | —55 to125 °C 


OPERATING CONDITIONS 


Parameter Symbol Limits Unit 
Operating Voltage Vpp- Vss; 1.25 to 1.65 
Operating Temperature —20to75 


{eo} 


C 


< 


DC CHARACTERISTICS 
(Vpp =OV, Vss,, VEE = —1.55V, Vgg, = —3.0V, Cj) = 30k, Ta = 25°C) 


| 
Parameter Condition Unit 
i: [a 
Oscillation start Within 5 seconds V 
voltage Vss, terminal 
utput current 1 
Vou. =—2.8V pa [= [= 
Output current 2 VOH2 = —0.2V ee (eel ee aA 
Output current 3 lOHs VOHs = —0.4V VSS i= —1.28V | -50 | 500 | 
BD EE =—1.25V LA 


Output current 4 
LD 





[21 | = |-8s 
" 
viweov 
Muve—vsy | 


input current 1 
S:~Sas 


Input current 2 
Ki, Ke 


ViL2=—1.55V 


Oscillator built-in 


| wae al ae atl Pe = Oo 
al ee O10 |0 10 010 O| | be! 
Cyr ye jt Tir izric Iir r|« 3 
a |* ja | yn | eat ©, Oo 

rs fe} 
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MEASURING CIRCUIT 


Ci, C>, C3 : 
C4 p 
XTAL : 32.768kHz 


















TYPICAL APPLICATION 
LCD 
Lamp 
f~w~ 
S,— COM, SEGMENTS CY) 
Se 
© Tt 
So eel 
UO 
Sa be 
XT 
Xtal (CD=20pF) 
XT 
Vcp Vcm AC 
Cy : 5 ~ 35pF 
C,, C3, Ca : 0.1uF 
B > 1.5V 


L -  20mH 
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DESCRIPTION OF INSTRUCTIONS 


Instruction Code 
Mnemonic Operation 


1312 


_h 
—_ 
— 
O 
ice) 
© 
~] 
0) 
16) 
£ 
® 
N 
— 


0 


ADDACC,AP |0 0/0 0 0 P AP — (AP) + (ACC) 
ADD#D,AP [0 1|/100P} D | A | AP—(AP)+D 
SUB ACC, AP 001P/0100{ A __ | AP=(AP)—(ACC) 

S |SuB #D, AP oy 01 P} bo | a | AP —(AP) —D 

(49) 

@ |ADJUSTN,AP |1 1/0 00 P| N+1 | A | AP—Nadjust {(AP)} 

2 loupacc.ae [o ole o1 [111 6| A | ah (aco 

Elowsoar jo tfo1+e| bo [a [am-o 

: oerveS 
eres 
RORACG AP [o-o[o 0 © plo 111] A | P—UATREO 
ronao.arfo1[i +1] 6 | A [aPmIAPrD 
piracc.ae [0 o[o0 0 Pl) 170) A | wAVACG 

_jarsoar[osjor or] 6 | a | unvo 

3 (000 P\O 110] A | APV(ACC) 

{Eon OR ee a 
jic#o.ar [osfoo1e| 0 | A | APAD 

t oooPioort| A | boo-p- 

Sr geen Oa Ce oe Ee 
oz fo ojo oo of: 0+ ofo0 0 ozo 

§lac [ej 0 0|1 00 1/0 0 0 o| cmc 

S|CLA (0 0 0 0/1 01 1/0 0 0 0] Z+0,c~-0 

eesens er eter e 20 eae 
SEA }0 0/0 0 1 0/1 0 1 140 0 0 Of Z~1,c~—1 

“JMovaccaP [+ 1[1 10 Pjo0 00] A | P= ACO 

S$ |MOVACC,AX | 1 1/1 1.0 0/0 x | A | AX=(ACC) 

§ [MOV AP, ACC _ 114 P}0 000} A | ACCH(AP) 

Norms a eae ee ere 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


Instruction Code 


BNE +n 
BNZ +n 


BCS +n 
BCC +n 
SWITCH AP 
KSWITCH AP 
MATRIX AP 


0 nz No n, ng} PC —(PC)+n+1, if Z=O 


0 PC ~ (PC)+n+1, if C=1 
0 PC — (PC)+n+1, if C=0 
OP A AP — INPUT PORT (S: ~ Sa) 
A AP — INPUT PORT (K1 ~ Kz) 


1 P{JO A OUTPUT PORT (M1 ~ Ma) 
(AP) 


010 
001 0 OUTPUT PORT (M:1~Ma) 
— Mn (n=1, 2, 3, 4) 


Freq « freq, Mreg «<— sound 
Buzzer start 


imac Operation 
1312111098 76543210 
(000 Pl1 101; A | PC+(PC)+(AP) +1 
o1P|1101{| A | PC—(PC)+{(AP)A7H) +1 
es 0 O10 ming me my no PC —(PC)+n+1, if Z=1 
acs +n 


BERBER 
© oO oO oO 
“| 2 


oO 
—_h 


1 1 


— 

aud, 
oO 
wah 


oh, 
nd, 
oO 
ama 


BUZZER freq., 
soun 


1 1 0O O|bs be bi 


Co 
° 


Input/Output 
= 
> 
a ee 
x< 
= 
| 


1100/0 0 O O| Buzzer stop 


1001000110 0 bi LD ON/OFF 
OOP | digit A Digit — (AP), (ACC) 


F 


Co 
° 


—_—, 


niolr 
O1n!| > 
Divie 
=/};a;v 
2/2) 9 
Piyli rx 
U O 
Ul*y 


2 111011Plo01 1| A | FMT reg. (AP) 

Q. 
DSPFdigit,AP |0 0/1 1 0 P| digit | A | Digit —(AP) via table 
HALT lo ojo 1 0 0fo 0 0 ojo 000 Halt 
INTENAB 0.004 O00) Oo 4 14 00-0) eaten 
32/16 0 010 100/0 10010010 

® IINTDSAB B00. O20 Os VO 1 OO ie ee en 

2 (32/16 0 0/0 100j0100l0001|"5 

5 

28 |INTMODE AP }1 140 10Pl010 of A AP — Interrupt mode 

oO 

: PAGE AO 1140 1101010 1] oA Preg — (AO) 

& |PAGEN fo ojo 100j0101{ N | Preg—N 

> 

@. |RATE AP 10Pl100 1} A | AP — DIVIDER (8 Hz~1 Hz) 


RSTRATE 


BACKUP 
ON/OFF 


O| O 
ooh, 


0 0|1 0 0 0/1 0 O O} DIVIDER (8 Hz~1 Hz) —0O 


00 aed be 0 O| Backup ON/OFF 


00 0:0 0 0 0}|0 O O QO} Nooperation 


O 
_— 


: 


56 


OKI semiconductor 
MSM5055 


CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 


LCD DRIVER 


GENERAL DESCRIPTION 


The OK! MSM5055 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4 bits of 
ALU, 25K bits of mask programmable ROM, 384 bits of data RAM, crystal oscillator, voltage doubler, 
timer, LCD driver, input port, output port and interface circuit for voice LSI (MSM621 2). 

The MSM5055 is widely used in electronic products requiring low power operation, for example, 
multi-functioned watches, voice synthesizer watches and games. 


FEATURES 
@ Low Power Consumption 3 uA Typical @ 42 Instructions 
® 1792 X 14 Internal ROM @® 1.5 Vor3V Operating Voltage 
® 96 X 4 Internal RAM (Masking Option) 
@ 4 X 2Input Port @ 32.768 kHz Crystal Oscillator 
@ 4 X 1 Output Port ® 122.1 uS Instruction Cycle 
@ 4 xX 4 Key Matrix Input (K1~K4, M1 ~M4) ® —20 to 75°C Operating Temperature 
@® 60LCD Driver @ 94 pad die 
(1/2 Duty, 1/2 Bias, 120 Segment) © Package: 


80 pin plastic OFP (QFP80-P-1420-K) 
FUNCTIONAL BLOCK DIAGRAM 


DATA RAM 


BUZZER 
DRIVER 96 word x 4 bit 


Oe al 
f 
(\ 


x 
DRIVER RE Rl |IREGISTER 
M1 
( <tJOUTPUT 
M4 PORT = 


GISTE 
SEGMENT 
ane | amend oun 
LO (M1~M4) aes | Re 
LATCH 


K1 INPUT 
‘ C—>port > 
4 


(K1 ~K4) 
Si INPUT DOUT13~DOUTO 
§ 
a [PORT fF x a Ao 


(S1~S4) MPX 
PROGRAM ROM 





FMT 
REGISTERF-— 1792 word x 14 bit 


XTOUT 
AC2 —- TIMIN 


G 
XT _-«| GENERATOR VSS1_— VEE 


t= Peay es 


VDD VSS2 - VCP AC T1 T2 T3 T4 T5 
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LOGIC SYMBOL CHIP PAD LAYOUT 


OSCILLATION 


INPUT PORT 


(S1~S4) LCD DRIVER 


(K1~K4) 


eee PORT 
M1~M4) 


= 
| 
hoes PORT | 
| 


LOAD 
RESET 


POWER SOURCE ! 


SEGMENT OUTPUT 
CHIP SIZE 5.49 X 4.71 (mm) 





PIN DESCRIPTION 


Designation Function 

VDD Circuit ground potential 

Vss;, Power source (—1.5 V) 

Vssp Power source for LCD driver (—3.0 V) 


This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 


VEE Power source for internal logic (—1.5 to —3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 


Vop, VCM Booster capacitor connection terminals 
Vcp terminal is connected to Vcy terminal through a 0.1 wF capacitor. 


input and output terminals of oscillator inverter, 


XT, XT 32.768 kHz crystal is connected to these terminals. 

T1 ~T5 Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to Vss,. 
T4 is output. Test pins must be normally open. 

AC Terminal to clear internal logic pulled down to Vss,. 
After power is turned on, the MSM5055 must be reset by this terminal. 

BD Buzzer output 

LD Lamp output 

LO Load data terminal of M: to M4 

AC2 Reset terminal for external circuit 

XT OUT Clock output for external circuit 
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FUNCTIONAL DESCRIPTION 


A block diagram of the MSM5055 is given on 
page 104. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5055 user’s manual. 


Program ROM 

The MSM5055 addresses up to 1 K word of 
internal mask programmable ROM. Each word 
consists of 14 bits, and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 


Data RAM 

Data is organized in 4-bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified by the page register, but direct 
addressing is available in Page O. 

Column address is directly addressed by the 
operand of various instructions. 


ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 


Program Counter (PC) 

The program counter is 10 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch instruction. 

There is no boundary in the ROM, so the 
Jump or Branch instruction can be put anywhere 
in the ROM. 
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Input/Output Port 

Input Port (S1 ~ S4) 

The input port (S1 ~ S4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port is fetched by the SWITCH instruction. 


Input Port (K1 ~ K4) 

The input port (K1 ~ K2) is a 2-bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port is fetched by the KSWITCH instruction. 


Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by a matrix instruction. 


Display Function 

The MSM5055 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD, and the common drive 
output terminal COM1 and COM2. The segment 
drive circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the | 
display data latch with a display instruction, the 
LCD drive waveform is output to the segment 
drive output terminal. 


Time Base 

The time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the XT and 
XT pins. One machine cycle is 122.1 us. 

A hardware divider of up to 1 Hz is provided, 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 
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ABSOLUTE MAXIMUM RATINGS 


| Parameter Symbol Limits Unit 
Supply Voltage 1 Vpp - Vss; -0.3 to +2.0 V 
Supply Voltage 2 Vpp -Vss2 —0.3 to +4.0 V 
Supply Voltage 3 Vpp — VEE ~0.3 to +4.0 V 
Input Voltage VIN; Vsg, —0.3 to +0.3 V 
Storage Temperature Tstg Ie et —55 to 125 °C 


OPERATING CONDITIONS 
Operating Voltage Vpp- Vss; 1.25 to 1.65 V 
Operating Temperature —20to75 °C 


DC CHARACTERISTICS 
(VDD =OV, Vss,, VEE = —1.55V, Vss, = —3.0V, C; = 30k, Ta = 25°C) 


Parameter Symbol Conditions Unit 
in [0h 


== as = 
voltage Vss, terminal 
HoH: [VoHi=-02v | 4 | = | 
Hob NebestAV) a 
Output current2 | !OHe_| Vone=—0.2v ss |-04| - | | 
SEGMENT [tour [Vour=-2ev fo | = = 
Outputcurrents | 'oHa_|VoHe=-0SV | 10] ~ | |, 
Outputcurrent4 | !0He_| VoHs=-0.5V 100 - | ~ 
mira [lou [vous «dt | = [| * 
= 3 


Output current 5 VOHe = —0.4V 


= aav_ | - | 5 | - |" 
inputcurrentt == | WHy | Vims=OV_ | 10 | 80, 
sit CR Ee 
input current2 | He | Vide=OV | 28 | | 12 
suas fite | Mue==158v00 T= = [ro | * 


Oscillator built-in 
capac pop = | 0 | = | 
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MEASURING CIRCUIT 


C1.C2.C3:0.1 pF 
C4 : 30 pF 
X-tal : 32.768 kHz 





TYPICAL APPLICATION 


SEGMENTS 


MSM5055 
ce VSS, 
XT 
(CD=20pF) VDD 


XT V 
Vop Vom AC Vss, FE 
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DESCRIPTION OF INSTRUCTIONS 


Instruction Code 
131211109 8 76543 210 
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Arithmetic operation 


oO; — 
(@) 
oO;— 
vu 
oO 
_ 


© 
o) 
o>) 
U 
ak 
— 
as 
Oo 


Shift Bit operation 


Flag operation 


Data transfer 





a | 
am); OM” 

> 
13 
Ss be 
vU\| > 

> 


awh 


oO oO 
oO =" 
Oo 
U 


Mnemonic 


ADD ACC, AP /0 0]0 00Pl0100 


A 


AosustN.aP [1 1[o0 0 P| W+i 


CMP ACC, AP 


DEC AP 


x< 
O 
m8) 
> 
QO 
oO 
> 


P 


x< 
oO 
D 
+: 
Oo 
> 
0 


: 


w 
— 
> 
a) 
O 
> 
U 


ey 
—| 
+ 
~) 
> 
“U 


w 
) 
> 
a) 
O 
> 
U 


BIC #D, AP 
ASR AP 
ASL AP 

LC 

LA 


O10 


A 


foofoo1P[;si0| a 
eww. [o1jo11 P| ob | A 
incaP__fo1[r00Ploo0%| A 


0 


1 1 


a1 Po o07 
1 1 


1 $1 =P 
Oo P 


000 P 


O:. 0. PP 
000 P;j|0 0 1 


000 0;1 01 0 


ob oe) 
oO 
oO 
o) 
oO 


so 
oo ee cal ee Le 
Oo}0O;0O 
TiO 
oO 
- 


; 


1 | 
001 1 


000 0 
0000 
0000 
000 0 
000 0 
000 0 


as Ao a, Ao 





Operation 


AP — (AP) + (ACC) 
AP — (AP) +D 

AP — (AP) — (ACC) 
AP —(AP) —D 

AP <—N adjust {(AP)} 
(AP) — (ACC) 

(AP) —D 

AP < (AP) + 1 

A+ (AP) — 1 

AP +(AP) ~~ (ACC) 
AP —(AP) ~~ D 
(AP) V (ACC) 

(AP) VD 

AP V (ACC) 

(AP) VD 

AP A (ACC) 

AP AD 
C(c)_o— (AP) 
(C) — (AP) —O 
ZO 

C—O 
Z~—0,C+0O 
Z—1 

C+1 
Z-1,C+1 

AP — (ACC) 

AX — (ACC) 

AP —D 

ACC ~— (AP) 

ACC + (AX) 

PC —adrs 


PC + (PC) + (AP) + 1 
PC — (PC) + {(AP) A 7H} +1 


PC — (PC)+n+1, if Z=1 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


Instruction Code 


Mnemonic Operation 
131211109 876543210 
BNE +n : 
a BNZ +n jo 0/0 11 0;1 1 On, PC — (PC)+n+1, if Z=0 
3|Bcs +n |0 0 1 0/0 0 O n,|n, n,n, no| PC —(PC)+n+1, if C=1 


© 
—h | ok 


oF p=] a] 
° o jo 


BCC +n /0 0] 10/1004, 
SWITCH AP 0 Pl0001 
0 Plo 010 
1P10 010 


n,n, n, PC — (PC)+n+1, if C=O 
AP — INPUT PORT (S1 ~ S4) 
AP INPUT PORT (K1 ~ K4) 


OUTPUT PORT (M1 ~ M4) 
(AP) 


OUTPUT PORT (M1~M4) 
— Mn (n=1, 2, 3, 4) 


0 0/0 O bi XTOUT ON/OFF 
Freq <—N 


—_h 

wad. 
O;};oO; 0 
—_—h | ok 


—vs 
mah 
O 
—_—, 


01 00;0 0 1 0 
F 


ea, 
CE 
d|o 0 
oo 
oo) 
(oG 
es 


FREQ N 


oO 
— 


: 
anh 


oO © 
O;1}0O;0;0;0 
oO;o;oO;o0; 0 

oh, —_h, 

—j;—i!1O 


O O|!bs be 1 Oj} Mreg sound, Buzzer start 
0 0!0 O O O} Buzzer stop 

0 O bi LD ON/OFF 

Digit (Low part) — (AP), (ACC) 
Digit (High part) — (AP), (ACC) 
FMT reg. — (AP) 


Oo 
ee ee ee 

onal 

—s 


oO| + oO 
oO 
= 
U 


oOo 
° 


F 


00 1 


Input/Output 
nai om - w x< x 
SOlolalal>lolelxia| =) £16 
Divi vivisc N O —_ 41s 
zizitia|v N U DD D 5 
>lalalo iy O; xX| xX 

ae) #10 : Oo; 3 Ul> 

= vU Tl 5 1 UV 


1 
: foo 1 4] 
& 
3 ATN /0 0/0 1 0 ojoo11 FMT reg. —N 
Q |DSPF digit, AP 110 P digit Digit (Low part) — (AP) 
via table 
DSPFH digit, AP 11 1°P Digit (High part) — (AP) 
via table 
HALT /0 0/0 1 0 0/0 0 0 Of0 0 CO O| Halt 
00/0 100/101 %1/1000 
Enable timer 
0010100101 00/0 010 
INTDSAB 00;0 10 0/1 0141 1;0 10 0] _. 
Disable timer 
0 0/0 1 0 0/0 10010001 
INTMODE AP 010P/0 100 AP + Interrupt mode 
PAGE AO 011010101 Preg — (AO) 
ADRS AP 1 O11 P/0 110 Areg — (AP) 
ADRS N 0110 Areg <—N 


AP — DIVIDER (8 Hz~1 Hz) 
1 0 O O| DIVIDER (8 Hz~1 Hz) —O 
bs b2 O O| Backup ON/OFF 


RATE AP 
RSTRATE 


BACKUP 
ON/OFF 


© 

ooh, 

O 

oe) 
awh 
oO 
© 
oy 
> 


O 
oh 


0 0;0 0 O 1 


CPU Control & Others 
re) os 
¥ ND nD = 
G) Sire =m 
m oO) Oz 
Zz > 
w 


0000/000 0/0000 No operation 
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OKI semiconductor 
MSM5056 


CMOS 4BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
LCD DRIVER 





GENERAL DESCRIPTION 


The OKI MSM5056 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU, 
25K bits of mask programmable ROM, 360 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port, output port and overcharge protection circuit for connection to a solar cell. 

The MSM5056 is widely used in electronic products requiring low power operation, for example, 
solar calculator watches and games. 


FEATURES 

@ Low Power Consumption 3 pA Typical ® 42 Instructions 

@® 1792 X 14 Internal ROM @ 1.5 V Operating Voltage 

@ 90 X< 4Internal RAM (The solar cell can be connected.) 

@ 4 Input Port @ 32.768 kHz Crystal Oscillator 

@ 4 Output Port ® 122.1 us Instruction Cycle 

@ 4x 4Key Matrix Input (K1~K4, M1~Ma) ® —20 to 75°C Operating Temperature 
@ 38LCD Driver ® 68 pad die 


(1/2 Duty, 1/2 Bias, 88 Segment) 


FUNCTIONAL BLOCK DIAGRAM 


DINs 
BD BUZZER DATA RAM 
DOUTs 
A6~A4 A3~A0 
ee ees # 
REGISTER 
LU 
u 


















ic | 
LAMP A 
s See | 

ps 
M OUTPUT [mex \ Dae Hi 
ets eee ae 
Ma (M:~Ma) 





| 4 : 
Ky INPUT 
2 C>yreort [> ' 
Ka (K1~Ka) A 
TION 


‘A PROGRAM ROM 
101792 word x 14 bit 


mo Bion PrEEtdth ttn 


vDb VSS2 Vsc  VCM 
VSS: VEE VCP VIN AC T; Tz T3 Ta Ts 
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LOGIC SYMBOL CHIP PAD LAYOUT 


SEGMENT OUTPUT 


C8 COO OC 
ae a peraaedl coe Sop ‘acct! ma Seaiitey mt 


OSCILLATION 


LCD 
DRIVER 
(Ki ~ Ka) 


OUTPUT PORT 


(M,~ Ma) BUZZER OUTPU 


LAMP OUTPUT 


| TEST 


[ 
| 


RESET 


POWER 
SOURCE 


ADJUSTMENT for 
SOLAR CELL CRAMP 
VOLTAGE 





SEG8 M: Mz Ms Me KiK2 Ka Ks SEG9 


CHIP SIZE 5.42 x 4.13 (mm) 





PIN DESCRIPTION 


Designation Function 

Vpp Circuit ground potential 

Vss, Power source (—1.5 V) 

Vsc Solar cell connection terminal 

Vssp Power source for LCD driver (—3.0 V) 


This terminal is connected to Vpp terminal through a 0.1 «wF capacitor. 


VEE Power source for internal logic (—1.5 to —3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 «F capacitor. 


Vop, VCM Booster capacitor connection terminals 
Vcp terminal is connected to Vcy terminal through a 0.1 wF capacitor. 


Input and output terminals of oscillator inverter, 


XT, XT 32.768 kHz crystal is connected to these terminals. 

Tre~Ts Terminals to test internal logic, T1 ~ Ts and Ts are pulled down to Vss.,. 
Ta is output. Test pins must be normaly open. 

AC Terminal to clear internal logic pulled down to Vss,. 
After power is turned on, the MSM5056 must be reset by this terminal. 

BD Buzzer output 

LD Lamp output 

VIN Adjustment for solar cell cramp voltage 


This terminal is connected to Vss, terminal through 50 ~ 200 kf resistor. 
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FUNCTIONAL DESCRIPTION 


A block diagram of the MSM5056 is given on 
page 111. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5056 user’s manual. 


Program ROM 

The MSM5056 will address up to 1.75 K 
words of internal mask programmable ROM. 
Each word consists of 14 bits and all 
instructions are one word. The instructions are 
routed to a programmed logic array which 
generates the signals necessary for control of 
logic. 


Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 90 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified with the page register, but direct 
addressing is available at Page O. 

Column address is directly addressed by the 
operands of various instructions. 


ALU 

The ALU performs 4-bit parallel operation of 
RAM and AC contents, or RAM contents and an 
immediate digit. It sets or resets the flags (Z, C) 
depending on the condition. 


Program Counter (PC) 

The program counter is an 11-bit wide 
counter and specifies the address of the 
program ROM. 

The PC is incremented by one at every 
execution of an instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of a Jump or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 


Input/Output Port 

Input Port (K1 ~ K2) 

The input port (K1 ~ K4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
Vss1 by an internal resistor, and the status of 
the port can be fetched by an input instruction. 


Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers. The contents of data latches are 
rewritten by an output instruction. A key matrix 
is used in combination with K1 to K4. 
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Display Function 

The MSM5056 is provided with a segment 
output terminal which can directly. drive a 1/2 
bias, 1/2 duty LCD and common drive output 
terminals. COM1 and COM2. The segment drive 
circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the 
display data latch with the display instruction, 
the LCD drive waveform is output to the segment 
drive output terminal. 


Time Base 

Time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the OSC1 
and OSC3 pin. One machine cycle is 122.1 us. 

A hardware divider up to 1 Hz is provided 
enabling programs to implement and a clock 
function by counting signals between 16 and 1 
Hz. 


Solar Cell Overcharge Protection Circuit 

When a solar cell is connected to prolong the 
usefull life of the battery, a resistor is inserted 
between the Vin pin and Vssj to adjust the 
overcharge protection voltage. 








Vss: 


VIN MSM5056 





Vse 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Limits Unit 
Supply Voltage 1 Vpp - Vss; —0.3 to +3.0 V 
Supply Voltage 2 Vpp - Vsc 0.3 to +3.5 
Supply Voltage 3 Vpp — Vss- 0.3 to +6.0 
Supply Voltage 4 Vpp — VEE 0.3 to +6.0 
Input Voltage VIN; Vsg, —0.3 to +0.3 


Storage Temperature Tstg —55 to 125 °C 


<|/<j;~<|< 


OPERATING CONDITIONS 


Parameter Symbol Limits Unit 
1.25 to 1.65 V 


—20 to75 Cc 


Operating Voltage Vpp- Vss: 


° 


Operating Temperature Topr 


DC CHARACTERISTICS 
(Vpp =OV, Vss,, VEE = —1.55V, Vgs, = —3.0V, Cy = 30k0, Cg = 30pF, Ta = 25°C) 


Parameter Symbol Condition Unit 
Min. | Tye. | Max. 
Operating voltage 1 Vss, terminal 1.25 11.55] 2.0, V 
Operating voltage 2 Vsc terminal f20 2.0 | 60. V 
Power supply current Ippo | Vss, terminal | - | 30| - | pA 
Oscillation start = Within 10 seconds 
voltage Vosc Vss, terminal ven " 
Vou: =-0.2V oe ee eee 
VoL: =~2.8¥ Ladle lie) 
Output current 2 | lone _| VOH2 = —0.2V —0.4 aes uA 
wow Vou= 2.00 ery ie ee 
Output current 3 Vss» VEE —1.25V | VOH3—0.4V | —100 F - | - | ak 
Output current 4 H loHs | VOHs = —0.4V | -50 |-100|-200 iA 
Input current MINGSo! | 6 | 10 | 15 | ah 
slain Vin= —1680 ie ea 
Oscillator built-in 
sare feo | = fe = | 
Solar battery cramp Vss: =—1.8V Q 
resistor Vin terminal k 
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MEASURING CIRCUIT 


C,,C3,Cq : 0.1uF 
X-tal : 32.768kHz 





TYPICAL APPLICATION 


MSM5056 


solar 
cell 


VIN 
’ ‘“ Cg :5~ 35pF 

cP VcmM Vss, VEE OSC; OSC3 AC Cy,C2,C3: O.1uF 
TR1, TR2 : hfe ~ 200 
TR2: VCE, > 35V 
Ly; :20~30mH 
B  :1.5V 
R : 50~ 200kQ 
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DESCRIPTION OF INSTRUCTIONS 


Arithmetic operation 


Shift Bit operation 


Flag operation 


Data transfer 





CHG AX 


instruction Code 


Mnemonic Operation 


—_ 


312 


—_= 
—= 
— 
O 
oO 
© 
~ 
o> 
o1 
fh 
1e%) 
NO 
_= 
© 


ADD ACC, AP AP «— (AP) + (ACC) 


AP «- (AP) — D 






© 
Oo 


© 
Oo 
oh 


AP +— Decimal adjust 
{(AP) + (ACC) + (C)} 


AP + (AP) — (ACC) 
AP « (AP) — D 


oO o>} 
© Oo 
oO oO 
Uv Uv 


SUB ACC, AP 


oO 
oO 
= 
5 
© 


0 0 


AP + Decimal adjust 
{((AP) — (ACC) — (C)} 


Bese 
CMP ACC, AP es ee) (AP) — (ACC) 
XOR ACC, AP [O0- 0 PL O.4 4-1] AP — (AP) *7-(ACC) 


11?P 

BITACC,AP |0 0/0 0 0 P (AP) V (ACC) 

BIS ACC, AP jo ojo 00 Pjo110/ A | AP = (AP) V (ACC) 
000P AP — (AP) VD 
AP — (AP) A(ACC) 
AP —(AP)AD 


C~(c) 0 — (ap) 
(C) — (AP) —0 
000 0{|z-0 
0000|c-0 

000 0|z-0,c~-0 
0000 |z=1 
0000{|c~1 

000 0|z-1,c—1 

AP — (ACC) 


0 O P 


000 0 
00 0 0 
000 0 


100 1 


10 0 1 


© 
io) 


ot 


10P;0 0 0 0 


MOV ACC, AP 


MOV ACC, AX 110 0/0 X AX + (ACC) 
MOV #D, AP 1 10P D AP —D 
111 Pl0000 ACC ~ (AP) 


MOV AP, ACC 
MOV AX, ACC 


CHG AP 


1 10:0 #£X 


00 0 0 


ACC =~ (AX) 
(ACC) -— (AP) 
(ACC) -— (AX) 


x< 


2) 
m 
oO 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


instruction Code 


Jump 


BCS -+n 
BLT +n 


BCC +n 
BGE +n 


PC — (PC) +n+1,if C=1 


Operation 
131211109 876543210 

JMP @AP }0 00 00P PC (PC) + (AP) +1 
JMPIO@AP =| 0 0/0 0 1 P| PC — (PC) + {(AP)A7H } + +1 
BEQ +n e oe 
BZE +n joojor10 PC — (PC) +n+1, if Z=1 
BNE -+n “ ag 
BNZ +n joojor10 PC — (PC) +n+1, if Z=0 


PC — (PC) +n+1, if C=O 


BGT +n PC Canes e. 
PC — (PC) +n+1, if Z=1 


BLE orC=1 


+ 
pm 


A AP = (Port) 


__[INPPort,AP | 11) 
3 | OUT AP, Port A Port — (AP) 
c a | 
=O | OUT #0, Port Port -D 
A 


Port 
Port 
| digit digit — (AP), (ACC) 
1 OP | digit | digit — (AP) via table 
}0 0 0 0/0 0 0 O | Halt CPU 


000 0;0 0 0 0;0 0 O O | No Operation 


DSP digit, AP 
DSPF digit, AP 


Display 
Sa 
= 
| 


CPU 
control 
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OKI semiconductor 
MSM6051 


CMOS 4BiT HIGH PERFORMANCE SINGLE CHIP VERY LOW POWER 
MICROCONTROLLER WITH LCD DRIVER 





GENERAL DESCRIPTION 


OKI’s MSM6051 is a low-power and high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU, 
35K bits of mask programmable ROM, 480 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port and output port. 

The MSM6051 is widely used in electronic products requiring low power operation, for example, 
stopwatches with lap time memory, calculator watches and handy terminals. 


FEATURES 

@ Low Power Consumption 3 uA Typical @ 59 Instructions 

@ 2560 X 14 Internal ROM @ 1.5 Vor3 V Operating Voltage 

@ 120 X 4Internal RAM (Masking Option) 

@ 9 Input Port @® 32.768 kHz crystal Oscillator 

@® 4 Output Port ® 91.5 us Instruction Cycle 

@ 4X 4 Key Matrix Input (K1 ~K4, M1~M4) @ —20 to 75°C Operating Temperature 
® 66LCD Driver (including 3 common) @ 101 paddie 


(1/3 Duty, 1/3 Bias, 189 Segment) 


FUNCTIONAL BLOCK DIAGRAM 


MELODY 
BD CIRCUIT 



















PIT 
54] C | aes 
= 
PREG|[PREG 
Lo LAMP SS MAIN JL INT 
DRIVER Q 
2 
m E 
+ <doureut = SEGMENT 
M4 PORT OUT1 
LO (M1~M4) 


SEGMENT 


K OUT66 


: INPUT 
§ CAport E> 
Ka (K1~K4) 


Si INPUT 


E > PORT > DOUT13~DOUTO 
4 (S1~S4) 


PROGRAM ROM 


INP 
OPTION PORT 


(OPTION) 256 word X 14 bit 


VSS1 VSS3_ VCP 


Prue LPP EN 


VDD ~vSS2 VEE AC T1 T2T3 14 T5 32 Hz 
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LOGIC SYMBOL CHIP PAD LAYOUT 


INPUT PORT 
(S1~S4) 


INPUT PORT 
(K1~K4) 


OPTION INPUT 


OUTPUT PORT 
(M1~M4) 


LOAD 
RESET 


POWER SOURCE 





LCD DRIVER 


BUZZER OUTPUT 
LAMP OUTPUT 
CLOCK PULSE 
OUTPUT 

RESET 


SEGMENT OUTPUT 
CHIP SIZE 5.85 X 4.10 (mm) 


PIN DESCRIPTION 
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Designation Function 
VDD Circuit ground potential 
Vss; Power source (—1.5 V) 
Vssp Power source for LCD driver (—3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 
Vssz Power source for LCD driver (—4.5 V) 
This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 
VEE Power source for internal logic (—1.5 to —3.0 V) 
This terminal is connected to Vpp terminal through a 0.1 wF capacitor. 
Vop; VCM Booster capacitor connection terminals 
Vcp terminal is connected to Voy terminal through a 0.1 «F capacitor. 
XT XT Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 
Ti~Ts Terminals to test internal logic, T1 ~ Ts and Ts are pulled down to Vss,. 
Ta is output. Test pins must be normally open. 
AC Terminal to clear internal logic pulled down to Vss,. 
After power is turned on, the MSM6051 must be reset by this terminal. 
BD Buzzer output 
LD Lamp output 
LO Load data terminal of M: to M4. 
AC2 Reset terminal for external circuit. 
XT OUT Clock output for external circuit. 


FUNCTIONAL DESCRIPTION 


A block diagram of the MSM6051 is given on 
page 118. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM6051 user’s manual. 


Program ROM 

The MSM6051 addresses up to 2.5 K words 
of internal mask programmable ROM. Each word 
consists of 14 bits, and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 


Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 120 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified the with page register, but direct 
addressing is available at Page O. 

Column address is directly addressed by 
operand of various instructions. 


ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C, G) depending on the condition. 


Program Counter (PC) 

The program counter is 12 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of a Jump, Call or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 


Stack 

The MSM6051 has a 3 level stack apart from 
data RAM. The contents of the PC are loaded 
into the stack when a call instruction is executed 
or an interrupt is generated. 
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Input/Output Port 


Input Port (S1 ~ S4) 

The input port (S1 ~ S4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
Vss, by an internal resistor, and the status of 
the port is fetched by a SWITCH instruction. 


Input Port (K1 ~ K4) 

The input port (K1 ~ K4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
Vss, by an internal resistor, and the status of 
the port is fetched by a KSWITCH instruction. 


Input Port (OPIN) 

The input port (OPIN) is single input port. 
OPIN is pulled down to Vss, by an internal 
power save circuit, and the status of the port is 
fetched by an input instruction. 


Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of data latches are 
rewritten by a matrix instruction. 


Display Function 

The MSM6051 is provided with the segment 
output terminal which can directly drive a 1/3 
bias, 1/3 duty LCD, and the common drive 
output terminals COM1, COM2 and COMS. 

The segment drive circuit consists of the 
display data latch, multiplexer and driver. If the 
data is sent to the display data latch with the 
display instruction, the LCD drive waveform is 
output to the segment drive output terminal. 


Time Base 

The time base of the CPU is provided by 
connecting 32.768 kHz crystal to the XT and XT 
pin. One machine cycle is 91.5 ys. 

A hardware divider up to 1 Hz is provided 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 

Also, a 1/100 second digit counting function 
is provided as a hardware feature to make for 
easy implementation of a stopwatch function. 
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ABSOLUTE MAXIMUM RATINGS 


= V 


Pl 
é |= 


Input Voltage Ta = 25°C Vss; —0.3 to +0.3 
OPERATING CONDITIONS 


Operating Voltage Vpp- Vss: 1.25 to 1.65 V 
Operating Temperature | Topr —20to75 °C 


DC CHARACTERISTICS 
(VDD =OV, Vss,, VEE =—1.55V, Vgg_ = —3.0V, Vggz = —4.5V, Cj = 30k, Ta = 25°C) 


Limits 
Parameter Symbol Conditions Unit 


i 
5°) 


Power supply current IVssterminal pA 
Oscillation start Within 5 seconds 1.45 V 
| lon: | Von: =—0.2V 
BA 


lOHe 
Output current 2 lIOMH2 
ra loMLe|VOML2=Vss2t0.2 | 4/4 — | 
lots |VOL2=—4.3V 
Output current 3 lOHs VoHs=-05V | 10 


AC2 LOAD XTOUT ij: Wore 15¥ 
0 


Output current 4 lOHs | VOH4=—0.5V | 
a pA 
Output current 5 loHs | VOHs = —0.55V |-26] 
LD : VEE =—2.0V 
lOLs | VOLs= —0.85V | Vgs,=-2.0V 
Output current 6 lOHs | VOHe = —0.55V 
BD VEE =—2.0V 
VOLs = —0.85V Vss.=—2.0V 


won 
Output current 1 lIOMH:| VOMH: = VSS; + 0.2 4/—4 ee 
pee 
ees 
ea 
om 


pA 


ee 
Leo 
=r 





Pige 
& 
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| Limits | 
Parameter Symbol Conditions wae 
Cac 


Input current 1 ee 

cli ae ae ES ET 
inputcurrent2 | tie [ViHe=OV 8 183 | 26 | 
7 Pins [Yue=-te5v | =~ = [02 | 
Input current 3 Pine [Wnweov id = fas 
ii Pius [Yus=-158v T= [= [0] 


Oscillator built-in 
camemre [oo | «dt --«fa | - [oe 


MEASURING CIRCUIT 


C1.C2.C3.C4:0.1 uF 
C5 : 30 pF 
X-tal : 32.768 kHz 


VEE 
VDD _VSS1 VSS2 





TYPICAL APPLICATION 


SEGMENTS COM1 toCOM3 


MSM6051 


(Cp=20 pF) 


XT 
Vcp Vom Ac. Vsse Vsss 
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DESCRIPTION OF INSTRUCTIONS 


instruction Code 


Mnemonic Operation 


1312111098 76543210 
jo 0 0 Plo 10 01 AP — (AP) + (ACC) 
01]/100P{/ D AP —(AP) +D 
000P!0 101 AP +— Decimal adjust 
ae {(AP) + (ACC) + (C)} 
a 


Q;O;,@ M1n| nN)! > >; >| > 
=\|=1o wi/cl|c|o O|/O/5 
v}| 0} 9 Si ise eae O;0;0 

P>it| > >it! > 
EI S|> Vlo|O|> Ui)o;Q 
QO; U QO}; 0 QO 
> > > 
oi > uv; > Be 


SE 
SEC 


N 


001 0 
001 0 


ZL 7 


100%1);0 0 0 0} C-1 


(0 0 
a 
a 
11/000 P. AP —N adjust {(AP) + (C)} 
AP |0 0/0 01Pj0 100] A __ | AP+(AP)—(ACC) 
: AP jo1ito1 Pp} Do | A | AP~(aP)-D 
3 aaa 01P AP — Decimal adjust 
5 {(AP) — (ACC) — (C)} 
fret P| N | a | aPmNaaiat (AP) Cl 
i loweacc a |ooloo1 Pf 410] A | ari-wco 
Elompaoar[o1jo11e| 0 | A [@P-p 
<|ncaP [1 1ipoo Plo ooo] A [Arann 
Sears 
APP 
Sere 
oRAcG AP [oo foo o Plot 14] A | APP ACO 
noR#o.ae [0 1|1 +1 | | A [AP=UnwD 
rracc.ar jo ofo0o P41 0| a | wPviace 
glar#oar[o1jo1or| 0 | a [anvo 
§ Jaisacc.a® [0 0/0 00 Pjo 11 0| a | WmVIACO 
Jase. [o1jooor| o | a | wnvo 
B Jaicacc.ar [0 ojoo 1 Plo 11 0| A | OP AGES 
jicwo.aP [0 1foo 1 P| 6 Aer AD 
S|mous [ooo + Pjoo1o| a | Sma 
giasnaP jo ofocoPloo+ i] A | 
Elastar[oofoo+Ploo1 + A | @-Ur~o 
az [ooloooo|1o+olo0oo[z~0 
glace |e ojo000|r 00 1/000 o| cxc 
s|ce_[o ofoo0 o|1 0 0 oo 0 0 0| exc 
jc jo oloooo|ro1 1[o 00 0|z-00r0Gr 
@|sez [0 00 0 1 OF 
fo ojoo01 0 


ee 
oO 
io) 
o) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


Data transfer 


Sub- 
routine 


=% 
3 8 
c 2 
=O 


Instruction Code 


131211109 8 765 43 210 


m 
G) 


1 
1 


m 
> 


MOV ACC, AP 10P/0 00 0 
MOV ACC, AX 1 0 0;|0 X 


MOV #D, AP fo 1} 4 1 0 P| Db | 
MOV AP, ACC pt ae 11 P/O 0 0 O| 
9 


—_, 
—h 


000 0 
000 0 


CALL adrs Pe 1 #1 ay agla; Ag As A4/Az And Ay AG 


Be) 


er foojoooo|r100 


y 
a4 


1 0 
iwP@ar_[oo]o 00 Pit 10+ 


BZE +n 


ey) 
» 

a) 
> 

° 


000 0 


a a, 
A 
A 


BEQ -—-n 


BLE +n }0 00 1 1 0]1 0 1 n,|n, n,n, No 


SWITCH AP 111;0 10P{0 0 0 1 


KSWITCH AP 14 1/0 1 0 Po 010 


A 
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Operation 


G1 

Bete 1G 

AP — (ACC) 

AX — (ACC) 

AP +-D 

ACC = (AP) 

ACC + (AX) 

STACK + (PC), PC —adrs 
PC + (STACK) + 1 


PC -— (STACK) + 1, or 

PC -— (STACK) 

ACC ACC’, Z +2’, C+? C’ 
G+-Q’, Preg -P’reg 


PC -Adrs 
PC — (PC) + (AP) +1 
PC — (PC) + {((AP) A 7H} +1 


PG — (PC)+n+1, if Z=1 
PC + (PC) —n, if Z=1 
PC — (PC) +n + 1, if Z=0 


PC = (PC) —n, if Z=0 


PC — (PC)+n+1, if C=1 

PC + (PC) —n, if C=1 

PC — (PC)+n+1, if C=O 

PC + (PC)—n, if C=O 

PC — (PC)+n+1, if G=1 

PC — (PC)—n, if G=1 

PC — (PC)+n+1, if G=O 

PC + (PC)—n, if G=0 

PC — (PC)+n+1, if Z=1 or G=1 
PC -— (PC)—n, if Z=1 or G=1 


PC -— (PC)+n+1, if Z=O 
and G=0 


PC — (PC)—n, if Z=0 and G=0 
AP — INPUT PORT (S1~S4) 
AP — INPUT PORT (K1—~K4) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


Input/Output 


w] [~ =| vz <= = 
” > nis > > 
U0 = >I O = + 
xo U » |< YX, 2 
2. O a. x x< 
roy Zz a|= z\| > 
> Oo a 

“U “Tl 


Display 


CPU Control & Others 


dé) (ee) (Fe) 
= SS 
C OD | 
” ND ND 
> 
U 
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XTCP ON/OFF 


F 
DSP digit, AP 
FORMAT AP 
FORMAT N 
DSPF digit, AP 
DSPFH digit, AP 
HALT 


INTENAB 


INTDSAB 


ACTIVATE 
INTMODE AP 
KENAB 
KDSAB 


PAGE AO 
PAGE N 
ADRS AP 
ADRS N 
RATE AP 
RSTRATE 
FLAGIN AP 
S1RATE AP 
S2RATE AP 


BACKUP 
ON/OFF 





— 
oO 


instruction Code 


131211109 8765 43 21 0 


1 4 


1 


mah 


ow | om J oy 
wh | ok ok, uh, eo 


—_ | otk oO 
oO wh 
ay 


0100/0010 


1 0 O;1 


O 1 agla, ag As a4) Az Ay A, A 


some 


0 0 


00P 


1 1 =P 
0 0 


Oo; oO 


11 ?P 


oO —_ 
—_h od. 


1 

0 0 
0 0 
0 0 
0 0 
O P 


0 0 
0 0 


E 


O;O;0;]0/0 
ee ee ee ee ee 

oO 

i=) 


oO 
oO 
og 


1 0 


ie) 
ook 


O 
— 


1 P 


oO 
_ 


O P 


ah | ont 


Oo; O 
—, 


OP 
O P 
0 0 
0 O 


0 


; 


00 010 0b, b, 


1010 


| ditt 
P| digit 


aio 
aot 
0100 


F040 
jovoy 


O11 0 
O11 0 
100 1 


1 0 1 
000 1 


oo 0 
are 


0000 


000 0 


O 
oO 
Oo 
oS 


1 


A 
A 
A 


A 
A 
0000 


b, 0 b, O 
01 0 0 
O be 
0000 
A 
100 0 
0 


F 


0 0 
A 
A 
100 0 
A 
A 
re 
0 0 


bs b 


000 0 


(s) 
Le) 





Operation 


OUTPUT PORT (M1~M4) + 
(AP) 


OUTPUT PORT (M1 ~M4) — 
Mn (n=1, 2, 3, 4) 


XTOUT ON/OFF 
PIT reg. —N 


Stack — (PC), PC — adrs, 
Melody start 


Melody stop 

LD ON/OFF 

Digit (Low part) — (AP), (ACC) 
Digit (High part) — (AP), (ACC) 
FMT reg. — (AP) 

FMT reg. «-N 

Digit (Low part) — (AP) via table 
Digit (High part) — (AP) via table 
Halt 


Enable timer interrupt 


Disable timer interrupt 


Activate main routine 

AP — Interrupt mode 

Enable INPUT PORT (K1~K4) 
Disable INPUT PORT (K1 ~K4) 
AP — Status 

Preg (AO) 

Preg —N 

Areg «— (AP) 

Areg -—-N 

AP — DIVIDER (8 Hz~1 Hz) 
DIVIDER (8 Hz~1 Hz) —O 

AP - S1 on flag, S2 on flag 
AP -—Si1reg. 

AP —S2reg. 

Backup ON/OFF 


No operation 


OKI semiconductor 
MSM6351 


CMOS 4BIT HIGH PERFORMANCE AND VERY LOW POWER SINGLE CHIP 
MICROCONTROLLER WITH LCD DRIVER 


GENERAL DESCRIPTION 


OKI’s MSM6351 is a low-power, high-performance single-chip microcontroller employing silicon 
gate CMOS technology. Integrated onto a single chip are 4-bit ALU, 61K bits of mask programmable 
ROM, 4096 bits of RAM, 20 bits of I/O port, serial I|/O port, time-base counter, LCD driver, 3 


interrupts, crystal oscillator and voltage tripler. 


number of LCD drivers and a large size of memory. 


The MSM6351 is widely used in electronic products requiring low power consumption, a large 


FEATURES 


Low Power Consumption 3 uA Typical 
4096 x 15 Internal ROM 

1024 X 4 Internal RAM 

20 Input/Output Ports 

62 LCD Drivers 

1/3 Duty, 1/3 Bias or 1/4 Duty 1/3 Bias 
(Selectable by software) 

Serial 1/O Port 

8 bits or 5 bits data frame mode 
Asynchronous 

receiver/transmitter mode 

Internal or external clock mode 

15 stages Time Base Counter 

Watch Dog Timer 

Capture function by external trigger signal 


3 Interrupt Sources 
Real time interrupt 
External interrupt 
Serial |/O port interrupt 
Melody Circuit 
65 Instructions 
Sub-routine Nesting: 7 levels 
32.768 KHz Crystal Oscilator 
Machine Cycle: 61.0 psec. 
Power Supply: 1.5V or 3.0V (selectable by 
mask option) 
100 pad die Silicon gate CMOS Process 
Package: 
100 pin plastic QFP (QFP100-P-1420-K) 
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FUNCTIONAL BLOCK DIAGRAM 


sout SCLK 
tj 


PO3C PO2G, Pooc 


PROGRAM 
ROM 
4096X15 
Bit 


PROGRAM COUNTER (PC) 


TIME BASE COUNTER | i- 


INSTRUCTION REG. 
dR) 


SYSTEMCLOCK E 


GENERATOR INSTRUCTION 
DECODER 


VOLTAGE 
REGURATOR 


Vcp Vom 





LOGIC SYMBOL 


. 97 _] RESET 


SIN |<-— 

SOUT |—— SERIAL PORT SEG O[1 | | 80 |SEG61 
—— SEG 10 2 _| 79] SEG6O 
SCLK sec 2-3] 78] SEGS9 
SEG 3{_ 4] SEG58 
BD BUZZER sec 4([ 61 SEGE7 
DRIVER sec 864 BS eEuE 
SEG 6 SEG55 
SEG 7/_ 8 J SEG54 
SEG 8(C3_] 757] SEGSS 
SEG 9{ 10 _| SEG52 
SEG10[ 11 | SEG51 
co SEG11[ 12 | 69] SEG5O 
DRIVER SEG12 (13 68 _] SEG49 
SEGI3 [14] 67] SEG48 
SEG14[“15 _] 66] SEG47 
secis[i6_| 65] SEG46 
SEG16 64] SEG45 
sect7 (18 Fee] secaa 
secisCid_| 62 _|SEG43 
SEG19|_20_] [61_] SEG42 
CLOCK OUT SEG20[_21 | | 60 }SEG41 
SEG21{ 22 | . 69 ]SEG4O 
SEG22 [33] 55] SEG39 
0 xT seG23 (34 SEG38 
SEG24 |_25_| 86 _]SEG37 
: POWER SEG26/ 26 | 55] SEG36 
| SUPPLY SEG26L 27 ] | 54 J SEG35 
SEG27 [26 _| r 53] SEG34 

TEST EC 


RESET 


SEG28 29 | | 52] SEG33 
SEG29 [30] | 51) SEG32 


8D (36 _] 
xToOuT [37 | 
XT [387] 
xT [39 ] 
voo [40 | 
vss3 [41 | 
vss2 [42 | 
vssi ((43 | 
vee [44 | 
vep [45 | 
vem [46 | 
sout [47 |] 
_ sin [48 


sec30([31_] 
P1.3[.32_] 
P1.2[-33 | 
P1.1[-34 | 
P1.0[- 35] 
scLk (49 _] 
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Designation 


PO.O 
PO.1 
PO.2 
PO.3 


P1.0 ~ P1.3 


P2.0 
P2.1 
P2.2 
P2.3 


P3.0 ~ P3.3 
P4.0 ~ P4.3 


X TOUT 
XT 
XT 

RESET 


TEST 1 

TEST 2 

TEST 3 
SIN 


SOUT 


SCLK 
BD 


SEGO ~ 
SEG61 





PIN DESCRIPTION 


PORT 0 


PORT 1 


PORT 2 


PORT 3 
PORT 4 
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Function 







Capture 
trigger signal 


ec tit 
Lean aia 


External 
interrupt signal 


ae ee 
nae 


@ 4-bit 1/0 port 0 
The input (*)/output, the existence (*)/ 
absence of pull-down resistance, and the 
HALT function release enable/disable 
condition can be selected for each bit. 


@ 4-bit 1/O port 1 


The input (*)/output, the 
existence (*)/absence of 
pull-down resistance, and 
the HALT function 
release enable/disable 
condition can be selected 
for each bit. 













e 4-bit 1/0 port 2 











® 4-bit 1/0 port 3 
e 4-bit 1/O port 4 


@ Oscillator clock output . 
The oscillator clock is output when XTF (forth bit of port POOC) is set to "1". 


@ Oscillator connection terminal 


@ Reset input 
Input with a pull-down resistance, the system is reset when ‘'1”’ is input. 


e Test input 
Input with a pull-down resistance. 


e Serial port data input 


@ Serial port data output 
the circuit is set at high impedance level when “1” is set to HZOUT (the forth 
bit of port P4XC) 


@ Serial port clock input and output 
the input and output (*) are switched from each other the serial port control 
register SCNT. In the output mode, the serial clock frequency can be selected 
from the demultiplied signal (1/1, 1/2 or 1/4 of the system clock) 


@ Melody output (buzzer drive output) 


e LCD drive output 
LCD drive output with 1/3 bias and 1/3 duty, or 1/3 bias and 1/4 duty. 
The duty can be switched by LCD control register LCDCT. 
A maximum of 177 segments can be displayed with the 1/3 duty and 232 with 
the 1/4 duty. 


* means system reset conditions. 
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Designation Function 
VDD @ OV power supply terminal 
Vssi e —1.5V power supply terminal (for the 1.5V specification) 
Vss2 e —3.0V power supply terminal (for the 3.0V specification) 
Vss3 e —4.5V power supply terminal 
VEE e Internal logic power supply terminal 
VCM 


e@ Internal voltage converter capacitor connecting terminal 
VcP 
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FUNCTIONAL DESCRIPTION 


A block diagram of MSM6351 is given on page 
128. Each block of logic will be briefly discussed. 
For further information, please refer to MSM6351/ 
53 user’s manual. 


Programmable ROM 

The programmable ROM has a capacity of 4096 
words, each of which is 15 bits long. It is provided 
with the address space of OOOH to FFFH. 

In the MSM6351, the programmable ROM is 
not only used for programming but also used to 
save the following items: 

1) LCD indicator segment conversion table 

2) Melody tone data 

The program instructions are all made up of 
one word, thus the ROM can save up to 4096 
instructions in it. 


Data RAM 

The data RAM has aq capacity of 1024 words, 
each consisting of four bits. It is provided with the 
space for address between OOOH and 3FFH. Data 
is organized in 4 bit nibble. 


Page Register (PAGE) 
The page register specifies one of 16 pages in 
each bank of the data RAM. 


Bank Register (BANK) 

The bank register specifies one of four banks in 
the data RAM. It is used together with the page 
register. 


Work Specification Register 

The work specification register specifies one of 
16 pages in bank 0 of the data RAM as the work 
registers. 


Operational Section 

The operational section consists of the ALU, 
Se (ACC), and conditional flags C, Z 
and G. 
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This operational section performs four-bit 
computation of the contents of the data RAM with 
the contents of ACC or the immediate data in the 
instruction words. 

This computation is mainly performed with the 
data RAM which functions as a register. The 
resultant data of the computation are input to the 
data RAM or to ACC (for operation other than 
comparison). 


Program Counter (PC) 

The program counter (PC) generates addresses 
for the program ROM. 

The addresses for program ROM are changed 
according to the instructions executed. These 
addresses are incremented by one each time the 
instruction is executed. 

When an interrupt is generated, the current 
address is stored in the STACK. The address is 
set to 400H, 401H or 402H depending on the type 
of the interrupt. 

These addresses are set to the start addresses 
of each interrupt routine. 

In the MSM6351, the PC also gives LCD indica- 
tor ‘‘segment conversion table’’ or melody ‘“‘tone 
data” addresses to the program ROM. 

The output data of the program ROM whose 
address is specified by the PC is fetched into the 
instruction register (IR). If the output data is an 
instruction, it is decoded by the instruction 
decoder. Then, control signals to each section are 
generated. 


Ports 

The MSM6351 handle the I/O ports, flags and 
registers collectively as ports. Therefore, each of 
the I/O ports, flags and registers are selected by 
specifying their own addresses. 

All of these ports are accessed by the INP and 
OUT instructions. 
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PORT NAMES, ADDRESSES AND THEIR CONTENTS 
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PORTO 
PORT1 
PORT2 
PORTS 
PORT4 
POOC 
PO1C 
PO2C 
PO3C 
P1XC 
P2XC 
P3XC 
P4XC 


SBF 
SCNT 
SCND 


IROEX 
EIRT 
IRORT 
1EXMO 
IEXM1 
IEXM2 
TMOUT 


CAPTR 


FLAG 


WDOG 


FRMT 
LCDCT 


po ms | m2 | en | Po 
[or [maa [p22 | ran | P20 


XTF HREOO HZO0O DIROO 
BUF HREO1 HZ01 


=) 


=_ oh oO 
Tl T1 : SI 


HREO2 
HREO3 
HRE1X 
HRE2X 
HRE3X 
HRE4X 


HZ02 
HZ03 
HZ1X 
HZ2xX 
HZ3X 
HZ4X 


ENRC 


mates 


CAP1F 
Z 


o] 
ee) 


DIRO3 
DIR1X 
DIR2X 
DIR3X 
DIR4X 


OA HZSOUT 


-] 
© 


TINS SSUER EY RUE 


o) 
© 


5/8 
| (Ld, 
(u)d, 
~ CLKSL1 


OE CLKSLO LSB/MSB 


STPErr ENTR 


IRQP22 
EIS2Hz 


IRQP20 
E1I256Hz 
EIP20 P/NO 
P/N1 
P/N2 
12th 


EIP22 


15th 14th 


~ 


CAPMD CAPOF 


BCceOH NES: 


18 MSTART G 


‘Nee 


‘ 
= 


00 


= 


~~ 
o 


11 


Fy 
FLM1 


ae 
°o 


AIION Duty 3/4 FLMO 


> 
= 


R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/wW 
R/W 
R/w 
R/W 
R/W 
R/W 
R/W 


R/W 


R/W 
Bit: 
3and2;R 
1 and 0; R/W 
R 
R/W 
R 
R/W 
R/W 
R/W 
R 


R 


Bit 2: R/W 

Other bits: R 

Bit 3: R 

Other bits: R/W 
R/W 


R/W 
R/W 
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PORT NAMES, ADDRESSES AND THEIR CONTENTS (Continued) 


remo | 1c | | | |e | Am 
sank | 10 |» | & | & | | AM 
pace | © | ms | ms | | | AM 
work | iF | mm | ™ | ™ | ws | AM 
Note: @ In access mode (*), R denotes ‘‘readable’’ bits and W ‘‘writable’”’ bits. 
e Bits marked with — denote bits which are not present. 
1/O Ports Melody Output Circuit (MELODY) 


The MSM6351 is provided with five ports; 
PORTO to PORT4. Each port consists of four bits. 

Ports are controlled by the I/O port control 
register. 

Each port is accessed by the OUT and INP 
instruction. 


Time Base Counter 

The MSM6351 has their built-in time base 
counters consisting of a 15-stage binary counter. 
System base clock is input from the time base 
counter. 


Capture Circuit 

The MSM6351 is provided with a capture 
function that stores the 1KHz to 128Hz outputs at 
stages 5 to 8 of the time base counter or the 256Hz 
to 32Hz outputs at stages 7 to 10 when P0.0 or PO.1 
of I/O port 0 is set at the “H” level. 


Watchdog Timer 

The MSM6351 has their built-in watchdog 
timer to prevent program malfunction. The time- 
out may be set with two types of setting time: 
250ms and 2s. 


Serial Port (SERIAL I/O) 

The MSM6351 has its built-in serial port. It is 
used for synchronous and asynchronous data 
communications. A data length of five or eight bits 
can be selected. Either internal or external clock 
can be selected as the driving clock. At the end of 
data transfer, a serial port inerrupt can be gen- 
erated. 


The melody output circuit automatically out- 
puts melody or buzzer sound. 


The melody circuit initiates its operation by 
the MSA instruction. Automatically fetching the 
musical note data defined in the program ROM, 
the MSA instruction outputs the melody from 
buzzer driving output terminal BD. 


Liquid Crystal Display Circuit (LCD DRIVER) 

The MSM6351 has its built-in liquid crystal 
display circuit that can drive the liquid crystal 
(LCD). 

The liquid crystal display consists of the dis- 
play data register for holding the data to indicate 
and the display driver. After data is written in the 
display data register with an display instruction, 
the display driver automatically fetches data from 
the display data register to output the driving 
waveform. 


Interruption Controller 
There are four types of interruptions as follows: 

1) Real-time interruption — Interruption with the 
time base counter output 

2) External interruption — 
PORT2 

3) Serial port interruption — Interruption by ter- 
minating serial port data transfer 

4) Melody interruption — Interruption by re- 
questing melody data 


Interruption from 
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ABSOLUTE MAXIMUM RATING (Target Specification) 


Vpp = OV (Vss2 = Battery Voltage) 


Input Voltage Vsso—0.3 ~ +0.3 i 
Ta = 25°C 

Output Voltage”! Vss2-0.3 ~ +0.3 pov 

Output Voltage” —6.0 ~ +0.3 poae o 

*1 Normal Output 


*2 LCD Driver 



















OPERATING CONDITION (Target Specification) 


Parameter Limits Units 
Operating Voltage —Vss2 2.6 ~ 3.5 Vv 
Operating Temperature —20 to 70 7c 
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DC CHARACTERISTICS 3V Li Battery 
Vpb = OV, Vssi1 = —1.5V, Vgso = —3.0V, a nae ae = —4.5V, f = 32,768Hz, Cx = 35kN Ta = 25°C 


Terminal 


Parameter Conditions = Unit Applied 
yp 
re ee ee ee 
Voltage for Oscilla- 
ton Stan “Vosc ee 
a ea ES 
(Common, Segment) |Ilom71!| VOM =Vss7+0.2V i> 
lout VO = —4.3V ee eee 
iowa | vo=-oev [600] — | — |, [gnro-goar 
Output Current 2 SOUT, SCLK 
ior | _vo=zev [soo] - | — || “oun 


VO = —0.5V 7 
Vss2 = 3.0V 
Output Current 3 LA BD 
VO =—2.5V 
Input Current 1 “lHH4 I/O input, KA | PORTO~PORT4 
with pull down 
VI = OV, —3V ms 
Input Leak Current 2 1/O input, Be ee eee 
without pull down SIN, SCLK, SOUT 
ae fle [=| [=] oe 


pv | | = | = | 8 
Input Voltage sunntar 
ee 


*1. When 3V battery with halver is used (BUF = ‘0’). 

*2. PORTO = PO.0 ~ P0.3, PORT1 = P1.0 ~ P1.3, PORT2 = P2.0 ~ P2.3, PORT 3 = P3.0 ~ P3.3, 
PORT4 = P4.0 ~ P4.3 

*3. This value changes depending on the soft duty (HALT to HALT) 
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INSTRUCTION LIST 


Operation instruction 


Bit operation instruction 


o;O!] oO 
”~ !|oO| oOo 
— = 
o;o|= 
o;}o;o;o!]o;o 
oO ;o 





DECD REG2 


BIT ACC, REG1 


BIT #, REG1 





XOR ACC, REG1 
XOR #i, REG1 


Instruction code 


Description Snel 
4 13 12 11,10 ,9 


ADD ACC, REG1 0 (rP), (ACC), (Z), (C) <— (rP) + (ACC) 


(rP), (ACC), (Z), (C) < (rP) + i 


Oo 

o) 

Oo 

oO 
oO}; oO 
malay 


ADD #i, REG1 


= 


ADC REG1 (rP), (ACC), (Z), (C) < decimal adj [(rP) + (ACC) + (C)] 








ADCN REG! (rP), (ACC), (Z), (C) — N adjust [(rP) + (C)] 


(rP), (ACC), (Z), (C) < (rP) — (ACC) 


SUB ACC, REG1 


oO 
>) 
foo) 
Oo 


SUB #i, REGI 0 01 1 1 i. Ge ae Spee (ACC), (Z), (C) < (rP) — i 
SBC REG1 0 0 0 0 1 0 1 0 ray (rP), (ACC), (Z), (C) < decimal adj [(rP) — (ACC) — (C)] 1 


SBCN REG1 


vy 


a a ee (Z) <— (rP,) A (ACC) V (rP,) A (ACC,) V (rP,) A (ACC,) 
: V (rP,) A (ACC,) 


Ig lye Nye,» Sight hy rs (Z) — (rP,) Ai, V (rP,) Ai, V (FP) Ai, V (rP,) A i, 


Oe lt ae, ry | (rP), (ACC), (Z) < (FP) V (ACC) 


CMP ACC, REG1 


oO 
jo) 
Oo 
—_ 


CMP #, REG1 
INC REG1 
INCD REG2 


_ 
(o>) 
ox 
° 
7 
w 


oO; oO 
o;O; 0 
o;o!]= 
o;}o;o!;o; o 
Tiojeae 
o|— 
leaks 


(>) 


io) 
oO 
oO; oO 
jo) 
—_ 
fo) 


—_ 
lox 














BIS ACC, REG1 


oO; oO 
o;oO;] Oo 
oO 
o;oO; °° 


BIS #i, REG1 


oO}; oO 
—_ 





BIC ACC, REG1 


BIC #1, REG1 


° 

colo 

-|0 
Clolaol/olo}o 
G/O;/0/o0;0 

gay | ie 


© 
Oo 
oO 


i 


e LSESINSW e 
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INSTRUCTION LIST (Continued) 


Hs 
Description chine 
4 23 #12 11 #109 8 %F? 6 5 4 3 2 4 #0 cycle 





2 


es ee 


MOV #i, REG1 


oO 
f=) 
= (oe) 


Date transfer instruction 


fore sofa a | RCSA 
fee foo oe elmo OS™ 
ee 1[e 0 elmo SS 
pwwaco.@ier 


—_ 
od 
a 


CALL adrs a, a, a, | (STACK) = (PC), (PC) — a,; ~ a, (SP) — (SP) + 1 


ay 


® 
Ll 
° 

i‘) 
ry 


© 
= 
md 
= 





® ¢ 
33 RET O 0 0 8) 0 18) Ea ae OF | 0 0 0 Oo (PC) — (STACK) + 1 (SP) — (SP) — 1 @ 
OC : 
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INSTRUCTION LIST (Continued) 


Melody 


Jump instruction 


start 


Display 


instruction 


BGT n 

BLE n 

BCS n 

BCC n 
BEQ n (BZE n) 
BNE n (BNZ n) 
BGEn 

BLT n 

MSA adrs 


DSP dig, REG1 
DSPH dig, REG1 
DSPF dig, REG1 
DSPFH dig, REG1 
OUT REG1, PORT 
OUT #i, PORT 
INP PORT, REG1 


HALT 


fo) 
— 
_ 
oO 
< 
> 


Instruction code Ma- 
Description chine 
7 6 5 4 3 2 1 8) cycle 


i<e) 


14 13 12 #11 += «10 


oO 
oO 
io} 
oO 
_ 
—_ 


0 0 O O 1 1 


0 0 O 0 1 1 


o;o;°o 
o;o; oO 
o;o;o 
om | we | 
=~ |/O] oO 
oOo}; 0 


o|]o 
el Pegs 
ololo 
= 
- 
ee 


oO 
Oo 
oO; oO 


oO 

(o) 
oO;o;] o 
o;o|o 

io) 


—_ 


(oe) 
Oo 
oO 
io) 
= 
(oe) 
ie) 
a 
i‘) 
a 
in 
[¥) 
S 
w 


if (G) = 1 then (PC) — (PC) +N 
else (PC) < (PC) + 1 


if (G) = 0 then (PC) — (PC) +N 
else (PC) <— (PC) + 1 


if (C) = 1 then (PC) < (PC) +N 


S 
w 

3 
S) 

> 
-_= 
° 


_ 
_ 
oO 
=] 
b 


0 0 O 1, else (PC) < (PC) +1 
if (C) = O then (PC) — (PC) + N When P = 0 
else (PC) <— (PC) + 1 in bit 8, 
: N=n+1; 
if (Z) = 1 then (PC) <— (PC) +N ri 
Bev, ees else (PC) < (PC) +1 eee 


if (Z) = 0 then (PC) < (PC) +N 
else (PC) — (PC) + 1 


if [((G) = 1 or (Z) = 1] then (PC) — (PC) +N 
else (PC) — (PC) + 1 


if [(G) = 0 and (Z) = 0] then (PC) — (PC) +N 
else (PC) <— (PC) + 1 


dig, dig, dig, dig.) r; ', 1, fo | digit (High Part) < (rP), (ACC) 
r, ",  , | (rP), (ACC) <— (PORT y) 


oO 
-_ 
= 
= 


< 
w 


< 
w 
< 
Nn 
< 
< 
° 
c 


. “ 
ee) 


< 
wv 
< 
°o 
i 
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OK I semiconductor 


MSM6352 


CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR 


TELEPHONE 


GENERAL DESCRIPTION 


The OKI MSM6352 is a low-power, high-performance single-chip 4-bit microcontroller employing 
complementary metal oxide semiconductor technology, especially designed for use in sophisticated 
telephone sets. Integrated onto a single chip are a 4-bit ALU, 28K bits of mask programmable ROM, 
2560 bits of data RAM, programmable timer, oscillator, 12-bits of input port, 12-bits of output port and 


4-bits of input/output port. In addition to these units, a DTMF generator is provided. 


With the MSM6352, sophisticated telephone sets become feasible through a single chip instead 


FEATURES 
@ Low Power Consumption @ Power Down Mode 
@ 2048 xX 14 Internal ROM @ 52 Instruction Set 
@ 640 X 4 Internal RAM @ Instructions Useful for Data Management 
@ 3 X 4 Input Port (Data Search and Block Data Transfer) 
@ 3 X 4 Output Port @ 2.0 to 5.5V (2.2 to 5.5V at TONE MODE) 
@® 1 X 4 Input/Output Port Operating Voltage 
@ DTMF Generator (Single Tone Mode or Dual @ 3.58 MHz Oscillator 
Tone Mode) @ 17.9 us Instruction Cycle 
@ Buzzer Sound Output @ —20 to 75°C Operating Temperature 
@ 4 Bits Programmable Timer Applicable for © 28 Pin DIP, 40 Pin DIP or 44 Pin FLAT 
Output of Dial Pulse @ Software Compatibility with MSM6052 
@ Watch Dog Timer ® Package: 


® On Hook Dialing and Off Hook Dialing 


Function 
@ Interrupt 


Programmable Timer-Interrupt 


Real Time Interrupt 


@ 5 Level Stack 


28 pin plastic DIP (DIP28-P-600) 


40 pin plastic DIP (DIP40-P-600) 
42 pin plastic shrink DIP (SDIP42-P-600) 


44 pin plastic QFP (QFP44-P-910-K) 


44 pin plastic QFP (QFP44-P-910-VK) 


FUNCTIONAL BLOCK DIAGRAM 


DID D 
20ND — 


ENON 


2ON- -aOh— 


R 
R 
R 
H 
1 
1 
' 
‘ 

c 
“ 
c 
C 
0 
0 
0) 
9 
fe) 
O 


E 
E 


—- 2Wn=- Agr 


TIMING 
GENERATOR 


AdNdu3iNI 


DTMF OUT 


OTMF B80 
CIRCUIT CIRCUIT 


INSTRUCTION 
DECODER 


AO 


ADDRESS 


Yoo Vss 


i 


cnet address register 


B : bank register 
P —_: page register 


A10 PROGRAM ROM 
2048 word x 14 bil 
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PIN CONFIGURATION 
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(a) 40 Lead Plastic DIP 


EO2 


£03 





04: 

DP OUT 
DTMF OUT 
104 

103 

102 

{01 


(c) 42 PIN PLASTIC SHRINK DIP 








(b) 28 Lead Plastic DIP 





NC pins must 
be open. 


DC: Don’t connect. 


(d) 44 Lead Plastic Flat Package 
(NC pin must not be connected to any signal.) 





LOGIC SYMBOL 





Designation 
VDD 


Vss 
AC 


TEST 


XT, XT 
HS 
DP OUT 


DTMF OUT 
BD 
32 KHz 


Ri~Ra 
Rs ~ Rs 


li~I,4 


C1~Ca, 
O:1~ Oa 


101~ 104 
lOE 
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Reba OUTPUT PORT 


OUTPUT ENABLE 
DIAL PUSLE 


| 
“iad 
| 
| 


DTMF OUTPUT 


BUZZER OUTPUT 
32kHz OUTPUT 


KEYBOARD 
OUTPUT 


RESET 


OUTPUT TEST 


PORT 
} POWER 
HOOK SWITCH 


OSCILLATION ( 


PIN DESCRIPTION 


Function 
Power source 
Circuit ground potential 


Terminal to clear internal logic, pulled down to Vss. 
After power is turned on, the MSM6352 must be reset by this terminal. 


Terminal to test internal logic, pulled down to Vss. 
This terminal must be open in normal operation. 


Input and output terminals of oscillator inverter. 
3.58 MHz ceramic resonator and capacitors is connected to these terminals. 


Input terminal connected to the hook switch, pulled up tp Vpp. 


Output terminal of dial pulse. 
Dial pulse rate (10 pps.or 20 pps) and Make Break ratio (40% or 33 %) can 
be selected by software. 


Output terminal of DTMF signal 
Output terminal of buzzer sound 
Output terminal of 32 kHz clock 
Input port pulled down to Vss. 


Input port having clocked pull-down resistor to Vss. 
Only when this port is accessed, pull-down resistors are connected to this 
port. 


Output port 


Tri-state bidirectional port 


Output terminal 
When IO: ~ IO4is accessed, input completion signal (when read) or 
load signal (when written) is output from IOE terminal. 
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FUNCTIONAL DESCRIPTION 


A block diagram of the MSM6352 is given on 
page 149. Each block of logic will be briefly dis- 
cussed. For more information, please refer to the 
MSM6352 user’s manual. 


Program ROM 

The MSM6352 will address up to 1 K words 
of internal mask programmable ROM. Each word 
consists of 14-bits and all instructions are one 
word. The instructions are routed to a programmed 
logic array which generales the signals necessary for 
control of logic. 


Data RAM 

Data is organized in 4-bit nibbles. Internal data 
RAM consists of 640 nibbles. 

All locations are addressed by 10-bit address 
registers (AR,, AR,), 2-bit bank register (B), 
4-bit page register (P) or a part of the instruction’s 
operand. 


Program Counter (PC) 

The PC is an 11-bit counter to specify the 
ROM’s address. The PC is normally incremented 
by one by every execution of the instruction, and 
then specifies the next instruction to be executed. 
However, Jump, Conditional branch, and Sub- 
routine instructions are exceptions. 

When the JMP adrs or CALL adrs instruction 
is executed, all of the PC contents are rewritten, 
so jump can be done to any address of the ROM. 


Bank Register (B) 

The bank register is a 2 bits register which 
specifies the bank of the RAM. Read/Write opera- 
tion is performed by the Input/Output instruction. 


Page Register (P) 

The page register is a 4 bits register which 
specifies the page of the RAM. Read/Write opera- 
tion is performed by the Input/Output instruction. 


Address Register 1 (AR; )} 

The address register AR, is a 10 bits register 
which specifies the RAM’s address. This register is 
used by the RDAR instruction or the MVAR 
instruction. Read/Write operation is performed by 
the Input/Output instruction. 


Address Register 2 (AR, ) 

The address register AR, is a 10 bits register 
which specifies the RAM’s address. This register is 
used by the MVAR instruction. Read/Write opera- 
tion is performed by the Input/Output instruction. 


Loop Counter (L) 

The loop counter is a 10 bits down counter 
which specifies a number of words of the data 
to be searched or to be moved by the RDAR 
instruction or the MVAR instruction. Its contents 
can be rewritten by the output instruction. 
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ALU, Conditional Fiag, ACC 

(a) ALU 
The ALU performs 4-bits parallel operation of 
the RAM contents and ACC contents, or the 
RAM contents and an immediate data. The 
arithmetic, logic, comparison and rotate opera- 
tions can be done. 

(b) Conditional flag 
The zero flag (Z), carry flag (C) and greater 
flag (G) are provided. These flags are set or 
reset depending on the operation result and 
referred to by the conditional branch instruc- 
tion. 
The flag operation instruction enables these 
flags to be set or reset individually or altogether. 

(c) ACC 
The ACC is 4-bits register for arithmetic, and 
equipped with data transfer instruction be- 
tween ACC and RAM. 


Stack 

The stack consists of a RAM of 5 words x 11 
bits. It is used to save the PC contents when the 
sub-routine is called or a timer interrupt is generat- 
ed, and 5-level nesting can be done including a 
timer interrupt. The PC contents saved in the stack 
is popped to the PC by the RETURN instruction. 


Interrupt 

MSM6352 has two kinds of interrupt as below. 
e Realtime interrupt 
@ Programmabletimer interrupt 


Stop Mode 

Stop mode is established by the execution of 
the STOP instruction. In the stop mode, oscillation 
of system clock stops and all operations are sus- 
pended, but the RAM contents and all register 
contents are maintained. 


Halt Mode 

Halt mode is established by the execution of 
the HALT instruction and the execution of pro- 
gram of main routine is suspended. In the halt 
mode, all RAM contents and register contents are 
maintained. 


Timer Activation and Realtime Interrupt Circuit 
The timer activation and realtime interrupt 
circuit are to release HALT mode (timer activia- 
tion) and to generate interrupt (Realtime inter- 
rupt) at the trailing edge of the 31.21 Hz clock 
obtained by dividing the 3.579545 MHz system 
clock by 114688. The timer activation and real- 
time interrupt circuit can be used for the genera- 
tion of timer activation and realtime interrupt by 
setting or resetting the mode setting flag (TMF). 


Divider Circuit 

The 3 stage binary divider circuit to which 
31.21 Hz clock is supplied is provided. The divider 
circuit’s contents can be read by the input instruc- 
tion (IN2, AP), and at the same time HS input 
port data is also read. The divider circuit can be 
reset by the RST instruction. 


Programmable Timer and Programmable Timer 
Interrupt 

The programmable timer is used for dial pulse 
Output or timer interrupt generation. This timer 
consists of control resistor PTL, 1/100 divider 
circuit, 4 bit presettable down counter PTC, 
interrupt flag IROF, interrupt enable flag EIF, 
selection flag EOF of off and on-hook dialing 
made, and dial pulse phase selection flag DPE, 
1/100 divider circuit, PTC, IRQOF, EIF, EOF and 
DPF are reset at system reset. 


DTMF Output Circuit 

The DTMF output circuit is to generate DTMF 
tone signal and is controlled by DTMF and TONE 
register. Rewriting the contents of the output latch 
for DTMEF circuit by output instructions, 12 kinds 
of dual or single tones can be output to the DTMF 
output port. The tone output frequency is selected 
by the DTMF register. 


BD Circuit 

The BD circuit generates the square wave which 
can be used as the confirmation sound, warning 
sound and so on. 15 kinds of sound (4.66 to 0.82 
kHz) are output by an output instruction specify- 
ing the frequency. 


Watchdog Timer WDT 

The watchdog timer is to generate the system 
reset signal to recover from system ran away 
trouble. 


Input Port (R, ~ R,) 

R, ~ Rs is 4-bits input port, which status is 
fetched by the input instruction. The port is pulled 
down to the low level (Vss) by resistor, so it can 
be used as keyboard input port. 


Input (R; ~ R; ) 

Rs ~ Reg is 4-bits input port, which status is 
fetched by the input instruction. The port is pulled 
down to the low level (Vss) by resistor, so it can 
be used as keyboard input port. 


Input Port (1; ~ I.) 

1, ~ |4 is 4-bits input port, which status can be 
fetched by the input instruction. It is pulled down 
to low level (Vss) by register via transistor only 
when it is desired to fetch the port status or input 
signal is low level. 

As input current is restricted, it can be used 
being fixed at high level (Vpp). 


HS Input Pin 

It is one bit input pin, which status can be 
fetched by the input instruction. It is pulled up to 
high level (VpbD) by resistor. It is used as a hook 
switch input pin. 
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Output Port (C; ~ C,) 

C, ~ Cq is 4-bits output port. The contents of 
the output latch can be rewritten by the output 
instruction. The low level is output at each output 
pin after the system is reset. When the HS input 
pin is open or at high level, the low level is output 
to each output pin irrespective of the contents of 
the output latch. 

The outputs of C; ~ C, are all CMOS output. 


Output Port (O; sia 0,) 

O, ~ O, is 4-bit output port. The contents of 
the output latch can be rewritten by the output 
instruction. 

Output latch of O,; and O, are reset and O,; 
and O, are set at system reset. 

Each output from O, ~ O, port is C-MOS. 


Output Port EO, ~ EO,) 

EO, ~ EO, is 4-bits output port. The contents 
of the output latch can be rewritten by the output 
instruction. The level is output at each output pin 
after the system is reset. Each output of EO, ~ 
EO, is CMOS output. 


Input/Output Port (10, ~ 10,) 

10; ~ 10, is 4-bits input/output port. Fetch- 
ing of the port status and rewriting of the output 
latch contents can be done by the input/output 
instruction. 

Each Output of 10; ~ 10,4 is CMOS at output 
mode. 


IOE Output Pin 

It is one bit output pin. A load signal is output 
at this pin when the output latch’s (10; ~ 10,) 
contents are rewritten. 


DTMF Output Pin 

It is output pin to output DTMEF signals. Start 
and stop of the DTMF output are done by the 
output instruction. 


DP Output Pin 

It is an output pin for dial pulse output. Start 
and stop of the dial pulse output can be done by 
the output instruction. 

The DP OUT pin output is C-MOS output. 


BD Output Pin 

It is output pin for the buzzer output. The 
buzzer output can be started and stopped by the 
output instruction. Output of BD port is CMOS 
output. 


32 kHz Output Pin 

It is an output pin to output 31.960 kHz clock 
(duty: 50%) which is obtained by dividing the 
3.579545 MHz system clock by 112. This clock 
keep outputting as long as system clock oscilation 
is executed. Output of 32 kHz pin is CMOS out- 
out. 
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XT, XT Pins 

These are input and output pins of the oscilla- 
tor inverter, and the oscillator circuit is provided 
with the built in feed back resistor. By connect- 
ing to them oscillation of system clock status. 
3.579545 MHz ceramic resonator and capacitors. 


ELECTRIC CHARACTERISTICS 


® Absolute Maximum Ratings 


[eo | esac | 200mm. 
ee 


Supply Voltage 
Input Voltage 
Output Voltage 
Power Dissipation 


Storage Temperature 


® Operating Conditions 


Operating Voltage 


Memory Retention Voltage Vom;  —- 


Note: Operating voltage for tone mode is Vpp = 2.2 ~ 5.5V. 
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Limits 


Pulse Mode 
f a eens 3.58 MHz 





Unit 


mW 


° 
QD. 


Unit 
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@ DC Characteristics (Ta = —20 ~ +75°C) 
Supply : 
Sa os | 
aov [-aa] = [= [ma 
sov [os | = | = [ma 
sav [=10[ = | = [ma 
sov [19 [= [= [ae 
von=2av] sav [-20] — | - | «A 
vou=oav| aov |v | - | — [an 
Von=2ev) sov [150] — | — | wa 
von=26v| sav [-#0) — | — [wa 
32kHz 
raov [22 [- [= 
“H"’ Input Voltage VIH 
sev [40 [| 
raev |= [= [os 
V 
rsev [= [= 


Conditions 


Parameter Symbol 


“H’’ Output Current (1) | IOH, | 03,04 |VOH = 2.6V 


DP OUT 


“L" Output Current (1) | IlOL, VoL = 0.4V 


“H” Output Current (2) VOH = 2.6V 





“L’’ Output Current (2) VoL = 0.4V 
“"H’’ Output Current (3) 


“L" Output Current (3) | lOL, 


ele|g Fig ieee 
o 


“"H’’ Output Current (4) 


“LL” Output Current (4) 





“H’’ Output Current (5) 


a [~ 
wn > 


V 


“‘L”’ Input Voltage 


= 
- 


S rsov [-20) — 
Vit = 0V LA 
resv [10 | — [0 
vin= 5.6 | 5.6V | 20 | — | 180 | 
MA | 
viw=sov| sev | 10 | — | 90 
vicrov [sev | - |= [oa 
vin=6.6v| 6.6v | 60 | — | 600 | 
MA 
vin=30v| sov | 30 | — | 300 
viczov [sev | - | -|-2 [oa 
vin=s.sv| sev | - | - | 2 | wa 
10, ii 10, 
vic=ov | 65v | — | — |? [on 


Tone output off 


“L" Input Current (1) ML 


sopyee Input Current (2) MH, 
“L” Input Current (2) NL, 


“H’’ Input Current (3) 





“tL Input Current (3) 
“H’’ Input Current (4) 


“L” Input Current (4) 


Current Consumption (1) 





With no load 


Tore ownuion | av | — [va [ 2a 
mA 
wih noleed | sov | — | 42 | 6a 


ON HOOK, Ta = 25°C 
yooK Te 2° | sv | - | - | o2 | wa, 


Current Consumption (2)} Ip pT 





Current Consumption (3) 


> w w 
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e AC Characteristics (Ta = —20 ~ +75°C) 


woe Supply , 
rear; vnbo| Goro [fae] win [on] Un 
/22v | - | 180] - | 
Row side only mV 
Tone Output | Your [aov | = [200] — 
| Ri =1kQ rms 
jssv | - |330[ -_ 


rv fs fala 
High/Low Level Ratio dBcr 
rev [+ [a fo 


Pav [ = [=p 
%d |S Ru =1k2 
rev f= [= fs 
Snichopatine [ew | —SS*d =e = Pf 
sonora fae - | - [as 
Rise/Fall Time (1) ms 
c.=sopr [gov | - | - | os| | 


[LH | ~ ee | gov | - | - | as | 
Rise/Fall Time (2) us 

c= opr | 3ov | - | ~ | 10° 

S.0,80s00% [ao —[-|s 
Rise/Fall Time (3) 

cr=sopF | 30v| - | — | 10 | 


mun] yng. [sow] = [=| 
Rise/Fall Time (4) EO, ~EO, 
cu=sopF | 3ov | - | - | 1 





Distorsion Ratio 





= 
“a 





= 
wn 





@ DTMF Tone Output Freqeuncy 


Standard Frequency (Hz) Output Freqeuncy (Hz) Deviation (%) 


f OSC = 3.579545MHz 
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Arithmetic operation 


elelelale 
c 
O;AOa!layatn 


Bit operation 


Rotate 


Flag operation 


Data transfer 


Mnemonic 


ADD ACC, AP 
ADD #D, AP 
ADC AP 
SUB ACC, AP 
SUB #D, AP 
SBC AP 
CMP ACC, AP 
CMP #D, AP 
XOR ACC, AP 
XOR #D, AP 
BIT ACC, AP 
BIT #D, AP 
BIS ACC, AP 
BIS #D, AP 
BIC ACC; AP 
BIC #D, AP 
ROR AP 

ROL AP 


ASR AP 


ASL AP 


CLA 


MOV ACC. AP 


MOV #D, AP 
MOV AP, ACC 
MOV AX, ACC 

| CHG AP 


CHG AX 








Instruction Code 


A 





cc 
reater 


8 


<x oO 
A=0H~FH, P=0 or 1 Boos 


D=0H~FH 
A=0H~FH, P=0 or 1 


A=0OH~FH, 


D=OH~FH, 
A=O0H~FH, P=0 or 1 


=O or1 


A=0H~FH, P=0 or 1 


D=0H~FH, 
A=0H~FH, P=0 or 1 


A=0H~F Hy, P=0 or 1 
D=OH~FH, 

A=0H~FH, P=0 or 1 
A=0H~FH, P=0 or 1 


D=0H~FH, 
A=0H~FH, p=0 or 1 


A=0H~FH, P=0 or 1 


D=0H~FH, 
A=0H~FH, P=0 or 1 


A=0H~FH, P=0 or 1 


D=0H~FH, 
A=0H~FH, P=0 or 1 
0 


acocen mee Fle 
pornos [l= 
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Description 


AP + (AP) + ACC 
AP + (AP) +D 

AP + (AP) + ACC+C 
AP + (AP)— ACC 

AP < (AP) —D 

AP < (AP) — ACC—C 
(AP) — ACC 

(AP) — D 

AP < (AP) ¥ ACC 

AP < (AP) ¥ D 

(AP) Vv ACC 

(AP) VD 

AP < (AP) V ACC 

AP ~ (AP) VD 

AP + (AP) A ACC 


AP < (AP) AD 
L (ar)>c 
Cap) cl 
O- (AP) >C 
C~- (AP) <0 


Z<1 


G<-0 
Z+1,C<1,G+1 
Z<+0,C<+0,G<+0 
AP -— ACC 
AX <- ACC 
AP<-D 
ACC < (AP) 
ACC < (AX) 
(AP) + ACC 


(AX) + ACC 
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Instruction Code 


13 12/1110 9 8/7 6 5 4/3 2 1 9 
RDAR 11/0 000/000 0/0000 
RDAR +(—) 000 0;0 0 1D//0 0 0 O/} D/l=0o0r1 
0000/0 1 OD/}0 0 O O| D/l=0or1 
else AR, « AR, +1, repeat 
ACC < (AR,) 
0000/1 0 ODA'O O O 0} D/l=O0orl if (AR, )=0 then PC « PC+1 
else AR, < AR, +1, repeat 
ACC <« (AR,), L« L—1 
OD/I|0 0 O O| D/t=Oor1 





ten 
@ 

Y °/ 2/8 Description 
@® ise] bead 
LIN |O!1O 


ACC + (AR,) 








ACC < (AR,), AR, « AR; #1 


ACC < (AR,) 


RDAR +(-), Z if (AR, )=O then PC — PC+1 


RDAR +(—), N 


RDAR +(-),Z,L 0 


- © Oo 
(=) = (>) 


else AR, < AR, +1, repeat 


ACC < (AR,), L<~L—-1 
if (AR, )=0 or L=0 then PC < PC+1 
else AR, < AR, #1, repeat 


1 if (AR, )=0 or L=O then PC + PC+1 
0 OD/I;0 0 O Of D/l=O0or1 


RDAR +(-),N,L 1 


MVAR 


0000/0 0 0 0 
0 0 1D/A/0 O 0 O|} D/t=Oor1 


01 0D/;0 0 O QO} D/l=Oor1 
(AR,) < (AR,) 
OD/;0 0 O O} D/t=Oo0r1 if (AR, )=0 then PC < PC+1 
else AR,<-AR, +1, AR,<AR,; +1, repeat 
0 OD/!'0 0 O O} D/|=Oor1 if L=O then PC « PC+1 
else AR,<AR, #1, AR,<ARz2 +1, repeat 
(AR,) —(AR,), L< L—1 
0 D/;}0 0 O O|} D/t=Oor1 if (AR,)=0 or L=O then PC < PC+1 
else AR,<AR;, #1, AR,<AR, +1, repeat 


(AR,) <— (AR,) 


(AR,) — (AR,), 
AR,<AR, +1, AR,<AR, +1 
(AR,) — (AR,) 
if (AR,)=0 then PC — PC#1 


else AR,<«-AR, +1, AR,<AR, +1, repeat 


Data transfer 


MVAR +(—) 


MVAR +(—), Z 


MVAR +(—), N 


= 
oO 


MVAR +(—), L 


11 0 

MVAR +(-),Z,L 
a, as 
0000 
JMP adrs O ayy Ag Ag lA, A, As A, 1Az A, A, Aq| A49~Aa,=OOOY~7FFH 


(AR,) <(AR,), L~ L—1 
MVAR +(-),N,L OD/';}0 0 O O| D/l=Oor1 if (AR, )=0 or L=0 then PC < PC+1 
else AR,<AR;, +1, AR,<~AR; +1, repeat 
i pieeeeed PEEP | renenons 
a 
=] 
fen Jeefeorelseefeeee) ppp lr-smmarenwnoon 


PC < adrs 


JMP @ AP 


oO 
oO 
oO 
a] 


PC « (PC) + (AP) + 1 


> 


A=OH~FH, P=0 or 1 


JMPIO @ AP A=0H~FH, P=0 or 1 PC (PC) + [(AP) A7] +1 


Jump 


= 

Vv 
<= 

oO 


BEQn n,g~N ,=O0H~1FH if Z=1 then PC<PC—n or PC<PC+n+1 
(BZE n) P=0 or 1 else PC--PC+1 

BNE n Ng~N,=00H~1TFH if Z=0 then PC<-PC—n or PC<PC+n+1 
(BNZ n) P=0 or 1 else PC<-PC+1 

BCS:n Ng ~n,=00H~1FH if C=1 then PC—PC—n or PC<PC+n+1 
P=0 or 1 else PC<-PC+1 

£1 Bcc ng~n,=O00H~1TFH if C=O then PC<-PC—n or PC<PC+n+1 
e " P=0 or 1 else PC-PC+1 

oo BGT n,~N,=00H~1FH if G=1 then PC-PC—n or PC<-PCtn+1 
: P=0 or 1 else PC-PC+1 


if G=O then pC<PC—n or PC<-PC+n+1 
else PC<PC+1 


ng~n,=00H~1FH 


BEED P=0 or 1 


A=0H~FH, P=0 or 1 
PL=OH~FH,PH=0 or 
A=0H~FH, P=0 or 1 
PL=OH~FH,PH=0 or 
D=0H~FH 


n,~n,=00H~1FH if Z=1 or G=1 then PC<PC—n or 
P=0 or 1 PC+n+1 else PC-PC+1 
BLT n,~n,=00H~1FH if Z=O0 then PC<-PC—n or PC<PC+n+1 
: P=0 or 1 and G=0 else PC-PC+1 
IN PORT, AP PL PL=OH~FH = AP <— (PORT) 


—_ 


OUT AP, PORT PORT < (AP) 


uv 
cr 


lL 
Uae esis 


input/Output 


OUT #D, PORT 1 


uv 


° 
° 
° 
= 


L 
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CPU Control & Others 


tnstruction Code 


13 12/1110 9 8|7 6 5 44/3 2 1 0 


ar dew 













ACC 
Zero 
Carry 
Greater 


eeereeoe) EEE 


Eee Cr a ee er eee 
Ge Ce ee es Ee 


RST 


pes cee 
aot foals of re ofrowe 
eae EE EE 
Cae ar eo 
ee eer ere oes 
fem fools ss ois es sf oso 
Cen eR ee 

ES eo 

Boenegihess eee 
eee So Gk 
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Description 


Stop system clock 

Halt CPU 

Activate CPU 

Enable timer interrupt 
Disable timer interrupt 
Enable timer activate 
Disable timer activate 
Enable output port (C;~C,) 


Disable output port (C1 ~ C4) 


Set 1/O port (10;~10,) to output 
mode 


Set 1/0 port (10, ~10,) to input mode 
Reset divider 
Select interrupt mode 


Select timer activation mode 


Enable hook switch low to high trans- 
mission 


Disable hook switch low to high trans- 
mission 


Select negative phase 
Select positive phase 
Enable on-nook dial 

Disable on-hook dial 


No operation 
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OLMS-64/65 SERIES 


OKI semiconductor 
MSM6404 


HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER 


GENERAL DESCRIPTION 


The OK! MSM6404 microcontroller is a low power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 32K bits of mask program 
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and 
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in 
4 bit nibbles. RAM and I/O lines are bit addressable. 122 instructions include binary, BCD 
operations; bit set, reset, test; 8 bit 1/O; relative jumps; multifunctional instructional (increment, 
modify, skip) 8 bit wide table output; subroutine call and return. 


FEATURES 
@ 4000 X 8 MASK ROM @ Power down features 
An evaluation board is available for up to 8k @ Instruction execution time 
xX 8. 952 ns 4.2 MHz clock 
@ 256 X 4RAM (including the stack area) e@ Instruction systems suitable for control 
@ 9 X 4Ports, 36 I/O lines @ 122 instructions 
4 lines for input ports having a latch, and the @ Mask option 
other 32 lines for bit operation are available. P60-63 for input port 
@® Three built-in counters e@ Full static operation 
12-bit time-base counter @ Low power consumption 
12-bit programmable timer TYP 0.4un.W at Vpp=2V 
8-bit high-speed programmable timer/event TYP 5h.W at Vpp=5V OHz clock 
counter @ 5V single power supply, 42-pin DIP or 
@ Built-in 8-bit serial 1/O register (with 3-bit 44-pin FLAT 
counter) e Package: 
@ Five interrupts with five priority levels 42 pin plastic DIP (DIP42-P-600) 
(4 internal, 1 external) 44 pin plastic OFP (QFP44-P-910-K) 
@ 32 stack levels (in RAM) 44 pin plastic QFP (OFP44-P-910-VK) 
@ LED direct drive available (8mA x 5 ports at the 44 pin plastic OQFP (QFP44-P-910-VIK) 
same time) 
BLOCK DIAGRAM 










sane a 


eee 
2 ls 


jt 1 fi 


Interrupt PC. INTE | PC. INTE | 
trot 
12 bit Timer po] abatic | 8 bit T/C | PA | 8bisR | 8bisR eee eee 










Control 






awit |e $210 
mY [Lino] LS CTO CLK 
TMO so 

TCK 


SI 
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PIN CONFIGURATION 


(Top View) 42-pin Plastic DIP (Top View) 44-pin Plastic Flat Package 


|. 37 | P52 


te) 
—f iN 


NOT TROT Ip ie] Nol f@ CO} FG 


(ey) 


Ol lo 


PO3 [15 | 
GND [16 | 





PIN DESCRIPTION 













ie / SCK 4-bit input/output port. 

Input/output PO1 to PO3 are also used as serial interface si I 
PO2/SO Sn 
P10/CIN 
P11/TMO 4-bit input port with latch. oe 
P12/TCK Input/output Built-in pull up register for all bit input. 1 
P13 
ion Ny 4-bit input port with a latch. P20 is shared with INT Theiatchis 

Input input. (Fall trigger input) P21 ~ 23 are level input. 
P22 ay Sexe reset. 

Built-in pull up register for all bit input. 
P23 
P30—33 Input/output 4-bit input/output port “qn 
P40—43 input/output 4-bit input/output port “Q” 
8-bit output port 

P50-—53 input/output 4-bit input/output port “Q” 
P60-63 Input/output 4-bit input/output port *1 “QO” 
P70-—73 input/output 4-bit input/output port “OQ” 
P80-83 -Input/output 4-bit input/output port “Q” 
OSCo ; : ee Oscillation 
OSC: Input/output X’tal connection terminal for system clock oscillation ous 
TEST | Output (Test terminal for Maker) Pulse output 
RESET | input | System reset input terminal 
vO? P It | 
GND ower source voltage supply 


Note: When each port is used for output, itis possible to drive one TTL (one input). 
*1 Can be madeas a port dedicated to input (mask option). 
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INSTRUCTION LIST 


Load, Push, Pop 


Exchange 


@ 


Increment/ 
Decrement 





a 


L 1 


LHLI HL —nn 


NO 
_ 


—n 
as 
A 
—-H 
A 
—M 


A 
L 
A 
A 


Ww 
© 


LLI n 
n 

LMI n 

LAL 

LLA 

LAH 

LHA 

LAM 

LMA 


| 
> 
ie) 
nN 


H 
M 
A 


LAM+ 


NO 
--S 


+—M, L —L-+1, Skip if L=O 


LAM— A--M,L +-L-—1, Skip if L=F 


n 
n 
M --A, L —L+1, Skip if L=0 
M-+-A,L -—L—1, Skip if L=F 
Md(w) —T (M(w), A), T=ROM table 19mm 


M(w) —SR 


N 
~“ 


10mm 


3E51 
SE5A 
SR —M(w) 


TM = (M(w), A) 


oO 


ST—C,A,H,L, SP—SP-4 


C,A,H,L -—-,ST SP —SP+4 


A-—-M,H=+-HV ne 


A-——M,L —L+1, Skip if _L=0 


—_b 


NO 


A-—M,L +—L-1, Skip if L=F 


INA A ~—A+1, Skip if A=0 


i?) 
(o) 





INM M -—M+1, Skip if M=0 


‘NL L —L+1, Skip ifl =0 


ié%) 
ce) 


1 


1 


© MSM6404 e 
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INSTRUCTION LIST (Continued) 


ee 

mo on [me-weirionneco | ame | a | 

eo 
M 1 


DCA 
DCM —M-—1, Skip ifM =F 37 


DCL L—L-1, Skip ifL =F 


Increment/Decrement 


oO oO 


DCH H —H-1, SkipifH =F 


DCMD mm Md -— Md-—1, Skip if Md =F 13mm 


ADS A+—A-+M, Skip if Cy =1 


ADCS A, C ~-A+M4C, Skip if Cy=1 


ADC A, C —A+M+C 


oO 
a) 


AlS n A ~—A-+n, Skip if Cy =1 SE4n 
DAA A—A+6 


DAS A+-A+10 


jo) 


ae 
= 
ea 
© 
< 
a 
[owns em 
' , 
eos fm 
feof 
: 
: 
: 
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INSTRUCTION LIST (Continued) 





| Mnemonic | —escrition | Cote 
Powe [wane 
bee frmnimo |e 
Skipit pou na = 
reve 
ee 

EITM EITMF -—1 3DCA 

i TITM Skip If EITMF =1 3DC2 

TICT Skip If EICTF =1 3DC3 





Skip If EIEXF =1 3DC0O 
Skip If IRQEX =1 3D20 


Skip If IRQTB =1 3DD0 







Skip If (RQTM =1 3DD1 


TQCT Skip If IRQCT =1 3DD2 


TQSR Skip If IRQSR =1 3DD3 
RQEX IRQEX —O 3D24 


RQTB IRQ TB —O 3DD4 


RQTM IRQTM—O 3DD5 
RQCT IRQCT —0O 3DD6 


IRQSR-O 3007 


RQSR 





B 
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yte 


_ 


Cycle 
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INSTRUCTION LIST (Continued) 


oo 


Byte 


— 


ECT CTF -1 (start) 3DBB 
Ss | ESR SRF —1 (start) 3DBA 
ra 
£ TCT Skip If CTF =1 3DB3 
po] 
S TSR Skip If SRF =1 3DB2 
ST —PC+1, PC —2a, 
ca a | Sh ~BoBPCWon 
6 
c Ps, P4+-T (M(w), A), 
feel T>ROM table 
PC ST, SP —SP+4, 
RTS Skip unconditional 
a 
fe) 
Cc 
(@) 
2 =| HALT Halt CPU 3DB8 
68 
STOP Stop Cok 2088 
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Cycle 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Input Voltage 
Output Voltage 


Power Dissipation 


Storage Temperature 


OPERATING RANGE 


Parameter Symbol 
Supply Voltage Vpp 
Data-Hold Voltage VDDH 


Operating Temperature 


Fan Out 


DC CHARACTERISTICS 
(Vpp = 5V+10%, Ta = —40 to +85°C) 


"4 
ve 
*6 


Parameter Symbol 


“H” Input Voltage” 1."2 


“H” Input Voltage’ 3."4 
“L’ Input Voltage 

“H” Output Voltage’ !."5 
“L”’ Output Voltage” 1 

“L” Output Voltage”5 
“L” Output Voltage*® 


< 
= 


Input Current’ 3 oe 
Input Current’ 2,"4 me 


“H” Output Current” | 
“H” Output Current” 1 
input Capacity 


O 


Output Capacity 


Current Dissipation 
(when stop condition) IDDS 


Current Dissipation 


Applied to PO, P1, P3, P4, P5, P6, P7 and P8& 
Applied to P2 *3 Applied toOSCo 


In using LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum 


Rating.” 


< 


4 
ai 
Uv 


=| 

rz 
L}olr 
Oo : 






Quarts oscillation 
f=4 MHz, no load 


Ta = 25°C 





Ta = 25°C per package 


Ta = 25°C per output 


f(OSC) <1 MHz 


f(osc) $4.2 MHz 


f (OSC) =0 Hz 


MOS Load 
TTL Load 


Vpp=2V, noload 


ne) 


Ta=25°C 


*4 Applied to RESET 


w 
o 
o 


—0.3to7 
-0.3 toVpp 
—-0.3 toVpp 

200 max. 


50 max 


Limits 


4.5to5.5 


—40 to +85 


N 
_ _- 
on o 
oO 


Unit 


oO 
f& 


— = <|/< 
oO oO ro]: Oo |O 


<j~<jpajp<ej< 


15/-15| wA 
1/-30 | pA 
mA 
mA 


pF 


BA 


BA 


ne) 


mA 


Unit 


Unit 


~*5 Applied toOSCi 
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RAS ANG AC tom 


AC CHARACTERISTICS 
(Vpp = 5V+10%, Ta = —40° to +85°C) 


Clock Pulse Width t 
Clock (OSC) ow 119 ns 


Input Data, Input 


Data Delay Time at -m 

Mode Switching | tbcrR CL= 15pF Ss 7/8 toy + 300 nS 
~ Data Delay Time at = 

OPT Instruction toi C= 15pF Se 6/8 tcy + 300 ns 


Data Delay Time at 7 
OPT Instruction CES TSBr 778 tcy + 300 ns 


CT/TM Data Delay _ 

Time using TBC Clock teT/tTT =| CL=15pF Se 2/8 tcy + 360 nS 
SR/TM Data Delay 2 

Time using PR Clock tsR/tTR | CL= 15pF Se tcy + 480 ns 
CT Data Delay Time = 

using PR Clock CL= 15pF ae 
CT Data Delay Time _ 

using External Clock CL= 15pF 
SR/TM Data Delay 

Time using External tsp/trp | CL=50pF 
Clock 


10/8 tcy + 480 ns 


2/8 tcY +360 ns 


360 nS 


SR Clock Invalid Time tsinH |  -  [2/8tcy eT: 
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TIMING CHARTS 


Output Condition 
1MC 
OSC, 
tcy 
Py,P,,Ps 0,1,3 
Par Ps. Pe pa=4,5,6 
P,P, 7or8 


pr 


Pos 
Po PA=9oraA 
Pas tDCR 
P, OPT INST. 

a toi 
P. OPT INST. 

+} toi2 
Por 


CT 
Py; TBC clock ™ 





Pos P,, clock* SR 
Pit P,, clock* TM 
Poi P,, clock* CT 


Se tcR 


Prior Poi, P,, EXT clock 


tcp 


Poa SR . 
Pit ™ 
tsp 


tTp 
* Output Data to port will be clock for SR, TM or CT. 
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Input Condition 
OSC, 
Pauses 
Paha hs 
Pay Pogls 
Pad SR clock 
ee TM clock 
P, 
Pia SR clock 
Pos S| 
OSC, 


ow | ton 


1MC 


INPUT 
DATA 


ae) 


INPUT 
DATA 


ts INH: P,, (SR clock) INH period during LMSR INST. 


(Note: P,, is used for clock of SR) 
th INH: P,, (interrupt) INH period during RPB and RPBD INST. 
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tl INH 


TYP. Current vs Voltage for High State Output 


loH (mA) 


(lon) (Von) 


(Ta = 25°C) 





TYP. Maximum Oscillator Frequency vs 
f( 


f (OSC) (MHz) 


OSC) 


(CL = 15 pF) 





-40 -20 0 


Temperature 
(Ta) 


20 40 60 £80 100 
Ta (°C) 
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TYP. Current vs. Voltage for Low State Output 


lot (mA) 


(lov) (VOL) 
(Ta = 25°C) 


Scan eae 
=| ate eeeee 
Hf) et +t 


20 















(ZSZaRe8 
| APPR 
sRRSRREREE 


2 3 4 5 6 7 8 9 10 
VoL (V) 


TYP. Maximum Oscillator Frequency vs. 
f( 


f (OSC) (MHz) 


Supply Voltage 
(Vpp) 


_ (Ta = 25°C, CL = 15 pF) 


= 
i 
bad 
a 
hint 
SL 
f 
= 
Lad 
be 
Ld 


ERREERNEEEE 





Vpp (V) 
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TYP. Supply Current vs. Supply Voltage 
(Ipp) (Vpp) 


(Ta =25°C) No Load 





im 


tT — 
= a 
ae ae (i a a ee 


=o 
ona 100Kti ne 
1002 -—= 


ann EEE CLES CEES ccm Sie GUESSES GHOREEEEGE: GaenEEnaE Gommnamee 


Ipp (A) 


10 


Tp 


OKI semiconductor 
MSM6404VS 


MSM6404 PIGGY BACK 





GENERAL DESCRIPTION 


The MSM6404VS is a device whose built-in ROM is replaced by external EPROM using the piggy- 
back method. This device can be used for the evaluation of program. 


FEATURES 


e@ Supply Voltage: 5V+5%  ©@ Frequency:DC ~4.2MHz e Operating Temperature: 0 ~ 70°C 
@ 42 pin ceramic piggy back (ADIP42-C-600) 


Note: There are a few differences in the electrical characteristics of this chip and the evaluation chip. 
Please refer to next page for the detail. 


PUTTING METHOD OF ROM 


ebeeebdeeeeege J 





PIN CONFIGURATION 


Pin Connection between MSM6404VS and EPROM 


On OO 


To AO ~A12 (J Aporece 
of MSM6404VS| 


O> 
==- 2 00NONRON— 


5 
4 
3 
2 
1 
0) 
0 
1 
2 


ToD10 ~ D7 DATA 
of MSM6404VS 


Note: When putting 2732A, 
pin 1, 2, 27, 28 are not used. 
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DIFFERENCES BETWEEN MSM6404 AND MSM6404VS (PIGGY-BACK) 


Item 
. Port 
initialization 
during reset 


. Timer 
Operation 


. Shift registor 


. Port 
input/output 
timing 


. Port 


input/output 
(maracteris- 
tics) 


Available 
ROM capacity 


LJP, LCAL 
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instruction 


6404 


Port PO, 1, 3 are set to “1” and port 
2,4, 5, 6, 7, 8 are reset to “‘O” 
directly by signal put into the 
RESET. 


After being reset, timer stops 
counting until data are set in it. 


Serial Out F/F (SOF/F) is set to “0” 
after being reset. 


Internal clock Tn. 


Data are input 
at this moment 


Synchronized 
with falling edge 


Data are output 
at this moment 


Internal clock 


TTLFO=1_ 
(lol = 1.6 mA 0.4V) 


VppD 
P20~3 


TTL compatible input 


POO~P83 o—_—>o—_— 


(Except P20~3) 





4K byte 
Not available 





6404VS (Piggy-Back) 


Port PO, 1, 3 are set to “1” and port 2, 
4,5, 6,7, 8 are reset to ““O” during reset 
cycle being executed. 


It is undecidable whether the timer 
starts counting or not after being reset. 
Therefore, the timer should be 
initialized by software. 


It is undecidable whether Serial Out 
F/F (SOF/F) is set to ‘‘O” or “1” after 
being reset. Therefore Serial Out F/F 
should be initialized by software. 


Internal clock TM. 


Data are input 
at this moment 


Internal eleen. VF dk. 


Data are output 
at this moment 


LSTTL FO=1 
(lol =0.4 mA 0.4V) 


Vpp Vpp 


P20~3 


CMOS input 


POO~P83 o——_|>o— 


(Except P20~3) 


Accessible up to 8K byte 


Available 


OKI semiconductor 


MSM6408 


HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER 


GENERAL DESCRIPTION 


The OKI MSM6408 microcontroller: is a low power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 64K bits of mask program 
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and 
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in 
4-bit nibbles. RAM and 1|/O lines are bit addressable. 122 instructions include binary, BCD 
operations; bit set, reset, test; 8-bit I/O; relative jumps; multifunctional instructional (increment, 
modify, skip) 8-bit wide table output; subroutine call and return. 


FEATURES 


@ 8096 x 8 MASK ROM 
An evaluation board is available for up to 8K 
xX 8. 

@ 256 x 4RAM (including the stack area) 

@ 9 x 4 Ports, 36 I/O lines 
4 lines for input ports having a latch, and the 
other 32 lines for bit operation are available. 

@ Three built-in counters 
12-bit time-base counter 
1 2-bit programmable timer 
8-bit high-speed programmable timer/event 
counter 

@ Built-in 8-bit serial !/O register (with 3-bit 
counter) 

e@ Five interrupts with five priority levels 
(4 internal, 1 external) 


BLOCK DIAGRAM 


RAM 
16x 16x 4 


—— 
tee, 
ea Gl Gp 


pt tt 


U 
fi 


aw 


12 bit Timer i 8 bit T/C | PAL 8 bit SR 


ft } be f 
MDT TTP TT TAT wt. Ti 
0 


3210 3210 3210 3210 3210 3210 


3210__ 32 | 


INTO | 


Q_ 
CIN 
TMO 


TCK 


32 stack levels (in RAM) 
LED direct drive available (mA x 5 ports at the 
same time) 
Power down features 
Instruction execution time 
1.0 uS 4.0 MHz clock 
Instruction systems suitable for control 
122 instructions 
Full static operation 
Low power consumption 
TYP 0.4unW at Vpp=2V 
TYP 5uW at Vpp=5V OHz clock 
5V single power supply, 42-pin DIP or 
44-pin FLAT 
Package: 
42 pin plastic DIP (DIP42-P-600) 
44 pin plastic QFP (QFP44-P-910-K) 
44 pin plastic QFP (QFP44-P-910-VIK) 


ROM 
IB000 x 8 






t 





interrupt 
Control |pp. IRQ OSC, 
Tees —> OSC, 
Control. | > TEST 
| 12 bit TBC P= ~+—~ RESET 
1 _— Voo 
PO +— GND 


$210 
[Les CTO CLK 
So 


Ss} 
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PIN CONFIGURATION 


(Top View) 42-pin Plastic DIP 44 Pin Plastic Flat Package 


oO nN 
++ 
a a 
OLIN 





Qo ° 
QO wo wo 
> a a 


cd - 
a ri 
oO 
wz 


PIN DESCRIPTION 


Pin name 


POO 
PO1/SCK 
P02/SO 
PO3/ SI 


P10/CIN_ 
P11/TMO 
P12/TCK 
P13 


P20/INT 
P21 
P22 
P23 


P30-—33 
P40—43 
PSO-53 
P60-63 
P70—-73 
P80-—83 


OSCo 
OSC: 


TEST 
RESET 


VDD 
GND 





4-bit input/output port. 
PO1 to PO3 are also used as serial interface 
terminals. 


Input/output 





4-bit input port with latch. 
Input/output Uae 


Built-in pull up register for all bit input. 





4-bit input port with a latch. P20 is shared with INT 


input. (Fall trigger input) P21 ~ 23 are level input. 
Built-in pull up register for all bit input. 







Input/output 4-bit input/output port 


input/output 4-bit input/output port *1 


input/output X’tal connection terminal for system clock oscillation 


(Test terminal for Maker) 
System reset input terminal 


Power source voltage Supply 


8-bit output port 


Note: When each port is used for output, it is possible to drive one TTL (one input). 
*1 Can be made as a port dedicated to input (mask option). 
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When reset 


“4 ” 


es ” 


The latch is 
reset. 


a 
a 
a 
a 
a 
ae 


Oscillation 
wave 


Pulse output 


INSTRUCTION LIST 
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FN 
a 
L 


LHLI nn HL —nn 


i 
[| f 
>i 
NO 


LMI nn M(w) —nn 
LAL 
LLA L 





LAH A-H 
a LAM-— A—M,L—L-1, Skip if L=F 
2 | LMA+ M—A,L—L+1, Skip ifL=0 
PUSH ST —C,A,H,L, SP—SP-4 | 
; 


2 2 


14nn 


—_— 
oi 
— 3 
=] 
NO 


hm | NM 
m {| 
_ 


mM | NM 
& | 7 


NO 
or 


nO 
~“J 


39-—3B 


—_h 


19mm 
3E59 


3E51 2 


1 


—_ 


ololrntininIini{in|wolrninr 


anh 


wo} @d | ® 
oO | oO 


(ge) —_ ok 
= QO 10 010 
—_ 
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INSTRUCTION LIST (Continued) 


on 


Byte Cycle 


Zz 
x 


1 


2 


1 


Increment/Decrement 


QO 


0;0'1oO|9 
in 
ay oe > 


I 
oO 
” 


ADC A, C --A+M+C 1 
AlS A -—A-+n, Skip if Cy =1 3E4n 2 


Oo 
> 
H 


MA 


A Rotate Left with C 


RAR Rotate Right with C 
Skip if C =1 


Skip if A =n 3E0n 


Arithmetic 
! il | 
z 
= rw) 


Oia 
omm® 


QO |] D 
el 


ah 





© CL Skip if L =n SE2n 2 
a CPI p,n Skip if Pp=n | 2 
6 RAB Ne Abit (n2) --O 1 

RMB one Mbit (n) —0 1 
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INSTRUCTION LIST (Continued) 


Mnemonic Description Code Byte Cycle 










Mbit (n2) —1 78-7B 


nO 


1 









Skip if Fbit (n 2) =1 S5C—5F 


Pbit (n2) —1 70-73 


1 


Bit operation 


Skip if Ppbit (n 2) =1 3D po~3 





Ppbit (n 2) =0 3D:ps~7 


TITM Skip if EITMF =1 | apc2 | 2 2 
TICT Skip If EICTF =1 2 


Interrupt 








TQTB Skip If (RQTB =1 | ao00 | 2 | 2 
TQTM Skip If {RQTM =1 aor | 2 
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INSTRUCTION LIST (Continued) 


= eh 
He 
. |0sR | _SRF—-0(ston) apB6 
® 
5 TCT Skip If CTF =1 3DB3 2 
O 
TSR Skip If SRF =1 3DB2 2 
Cs Oo 
, 
5 
c ST —PC+2, PC —ar2 
w , : 7 
PC —ST,SP~SP-+4 ee ee 
PC —ST, SP —SP+4, 
Po —(PO—A)+1 : 
| ase : 
2 
O 
Q 
£ 
ror | women mf 
S 
ac HALT Halt CPU 3DB8 2 
O8 
STOP Stop Clock 3DB9 2 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 
Supply Voltage 
Input Voltage 


Output Voltage 


Power Dissipation 


Symbol 


| Conditions = 


© MSM6408 e 


Limits Unit 


-0.3to7 V 
Ta =25°C / -0.3t0Vpp | 3 to te V 
—0.3 to | -0.3t0Vpp | V 


Ta=25°C | Ta=25°C perpackage | Ta=25°C perpackage 


Ta = 25°C per output 








Storage Temperature 


OPERATING RANGE 


Parameter 
Supply Voltage 


Data-Hold Voltage 


Operating Temperature 


Fan Out 


toot 





- fOgc) S4.0MHz | ee 4.0 MHz 


f (OSC) =0 Hz 


200 max. mW 
50 max. mW 
—55to +150 AG 
Unit 


4.5to5.5 


< 


DC CHARACTERISTICS 
(Vpp =5V+10%, Ta =—40 to +85°C) 


| 
es 


Parameter 
“H” Input Voltage’ 1."2 
“H” Input Voltage 3.°4 
“L” Input Voltage 
“H” Output Voltage’ !."5 
“L” Output Voltage’ 1 
“L” Output Voltage’ 
“L” Output Voltage*® 
Input Current’ 3 
Input Current’ 2,"4 
“H” Output Current”! 
“H” Output Current”! 
Input Capacity 
Output Capacity 


Current Dissipation 
(when stop condition) 


Current Dissipation 


, 
NO 
hb 
( 
wo) 
< 





Mi | = | =08 | - | os | 
VOL lo =1.6mA | | wee 
pa | a 2 jv 
_ 
ie 
me 
pF 
a 
IDDS | 
a ee zs 
[too | Seetnastess| = | |e | ms 
f=4 MHz, no load 


Applied to PO, P1, P3, P4, P5, P6, P7 and P8& 


Applied to P2 


*3 Applied toOSCo 


*4 Applied toRESET 


*5 AppliedtoOSC: 


In using LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum 


Rating.” 
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AC CHARACTERISTICS 
(Vpp = 5V+10%, Ta =—40 to +85°C) 


Parameter Symbol Conditions | Min. | Typ. | Max. | Unit 


sax [ow [| - [= [- [ - Ts 
Input Data Setup Time tos Le. ae ee ee ns 
sures, | w | - [»[- | - [* 


Data Delay Time at 
Mode Switching CL=15pF p= [= 7/8 tcy +300 ns 


CT/TM Data Delay 
Time using TBC Clock toT/tTT C= 15pF 2/8tcy +360 ns 


SR/TM Data Delay 

Time using PR Clock tsR/tTR C_= 15pF Ps eae tcy +480 ns 
CT Data Delay Time _ 

CT Data Delay Time _ 

SR/TM Data Delay 

Time using External tsp/tTp C= 50pF 360 ns 
Clock 


SR Clock invalid Time ai ae Ce [Pons 


126 





© MSM6408 ® 


TIMING CHARTS 
Output Condition 
1MC aaiRaaceaie | 
OSC, 
tcy 
Po,P,,P, 0,1,3 
Pa Ps. Pe pa=4,5,6 
Pr, Py 7ors 
|} tpR 
Po. 
P54 PA=9orA 
Pas tDCR 
P 


CT 
Pat TBC clock ™ 





Pon P,, clock* SR 
Pai P,, clock* TM 
Pou P,9 clock* CT 


ae tcR 


Pio Po,,P,, EXT clock 


tcp 


Pos SR 
Piy ™ 
tsp 


tTp 
* Output Data to port will be clock for SR, TM or CT. 
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Input Condition 


1MC 


OSC, 
om | om 







Po, P, ‘ P, 
P,,P,, P, INPUT 
DATA 
PeaPouhs 
Pat SR clock 
ee TM clock 
—— 
P, 
Po SR clock 
INPUT 
Pos S| DATA 





1MC 


OSC, 


tLINH 


tS INH: P,, (SR clock) INH period during LMSR INST. 
(Note: P,, is used for clock of SR) 


th INH: P,, (interrupt) INH period during RPB and RPBD INST. 
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TYP. Current vs Voltage for High State Output 


lon (mA) 


(lon) (Von) 


(Ta = 25°C) 





TYP. Maximum Oscillator Frequency vs 
f(OSC) 


f (OSC) (MHz) 


Temperature 
(Ta) 


(CL = 15 pF) 










= 
ee 
mae 
bleed 
es 
== 
= 
me 


coor" 


-40 -20 0 20 40 60 80 100 





Ta (°C) 
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TYP. Current vs. Voltage for Low State Output 


lot (mA) 


(lov) (VoL) 


(Ta = 25°C) 


ayer 
use ete fT) 
se 
eee 
ZC 
sce 
Psa 
| <a 
| Ae 
CO 


20 













TYP. Maximum Oscillator Frequency vs. 
f( 


f (OSC) (MHz) 





Supply Voltage 
(Vpp) 


(Ta = 25 


°C, CL = 15 pF) 
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OKI semiconductor 
MSM6411 


CMOS 4-BiIT SINGLE CHIP MICROCONTROLLER 


GENERAL DESCRIPTION 


The OKI MSM6411 microcontroller is a low-power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 1024 x 8 bits of program 
ROM, 32 X 4 bits of data RAM, 11 Input/Output lines and oscillator. Program memory is byte wide 
and data paths are organized as 4-bit wide. 63 instructions include binary, logical operations; bit set, 
reset, test; multifunctional. 


FEATURES 
@ 1024 X 8 Internal ROM @ Self-Contained Oscillator 
@ 32 X 4Internal RAM @ —40 to +85°C Operating Temperature 
@ 11 1/OLines (8 I/O Lines, 3 Input Lines) @ 3 to 6V Operating Vpp 
® 8-bit serial |/O Register @ Low Power Consumption 5 «W Typical 
@ 2 Interrupt Levels (STOP, Vpp = 5V, no load) 
@ 8 Stack Levels @ Mask Option Crystal (Ceramic)/CR 
@ LED direct drive available (8mA x5 ports at the Oscillator 
same time) @ Package: 
@® 952 ns 4.2MHz (Vpp 5V+10%) 16 pin plastic DIP (DIP16-P-300) 
® 63 Instructions 24 pin plastic SOP (SOP24-P-430-K) 


FUNCTIONAL BLOCK DIAGRAM 


RESET OSCo OSC: 
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LOGIC SYMBOL PIN CONFIGURATION 


(Top View) 
16 PIN PLASTIC DIP (RS) 


PO3/SI 


PO2/S0 


PO1/SCK 





PIN DESCRIPTION 








POO 10 4 Bits I/O port. 
P01/SCK 11 PO1 to PO3 are used both I/O we 
P02/SO Input/Output 12 port and terminal of shift resister L 
PO3/SI 13 
P10 14 
a) Input/Output be 4 Bits I/O port ug 
P13 2 
P20/INT 3 3 Bits input port with latch. Latch is reset. 
P21 4 P20 is used as both input port and (“0”) 
P22 5 input terminal of INT (input of 
falling edge trigger). 
OSCo 7 Input terminal of system clock. Clock pulse In 
Oscillation circuit consists of 
OSCo and OSCi. 
OSC: Oscillation circuit consists of 
OSCo and OSC. 
RESET | input fo Input terminal of system reset 
VDD 16 Main power source and circuit 
GND 8 GND potential. 
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FUNCTIONAL DESCRIPTION 


ROM 

ROM is organized in 1024 words by 8 bits. It 
is used to stored developed application 
programs (instructions). It is addressed by the 
program counter (PC). 


PC 
The PC consists of a 10-bit binary counter 
and is used to address ROM. 


Stack and Stack Pointer 

An interrupt or CAL instruction causes the 
contents of the PC to be saved in the stack. The 
PC is restored from the stack by RT instruction. 

All RAM locations (up to 8 levels) are 
available as the stack. Note that four words of 
RAM are used for each level. 

The stack pointer is a 5-bit up-down counter 
that points to the address of the next stack to be 
used. It allows the RAM locations to be used as a 
push-down stack. 


RAM 

RAM consists of up to 32 words 4 bits wide. It 
is addressed by the H- and L-registers or by the 
contents of the second byte of an instruction. 


L-REGISTER 63 
A 4-bit register which specifies RAM 
locations A3-A0. 


H-REGISTER 
A 1-bit register which specifies RAM location 
A4. 


{ 
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ALU 
A 4-bit logic circuit that provides arithmetic 
and logical operations. 


ACC 

Consisting of a 4-bit register, the 
accumulator holds the result of operations or the 
data present on ports. 


C FLAG 
The flag that holds a carry generated from the 
result of operations. 


INPUT/OUTPUT Ports (2 x 4 bit) 

Organized into 4 bits, 2 ports are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in instructions. 


input Ports (1 < 4 bit) 

Contained port 2 (P2), which is an input port 
with latching function. P20 is set at falling edge 
of the input signal P21 and P22 are set at “0” 
level inputs. Also, P20 is used as an interrupt 
request flag. When P20 is set and an interrupt 
operation occurs, it is automatically reset. 


TIMING CONTROL (TC) 


A 0 level on the RESET pin for longer than 2 
machine cycles initializes the internal circuitry. 


© MSM6411 e 
INSTRUCTION LIST 





a 
& 
[Fe i NE SO A SE 1 
a oni 
g 
{ee 
—_ 
LMSR M(w) —SR 3E5A 9 
Bs = 2 
ADS A—A4M, SKIP IF Cy = 1 
ADC C.A—C+ALM 03 1 
AIS A—A+n, SKIP IF Cy =“1 9 
me pamane 
O 
e 
< 


SKIP IF A=M 


C — “1 ” 


SKIP IF C = “1” 


” 
‘@) 


QO 


ae eae 


ce ere On 


INL L—L+1,SKIPIFL= 


= 


ie) 


INH H —H+1, SKIP IF H= “0” 


M — M+1, SKIP IF M = “0” 


ie) 
NO 





16%) 
1o) 


_, 


Increment/ |ex- | 
Decrement |change 
HE 
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INSTRUCTION LIST (CONT.) 


—..[ INMD =o mm = | Md+Md+1, SKIP IF Md = “0” 12mm 2 
~~ € 
Of DCL L—L—1, SKIP IF L = “F” 35 
o2 
£a 
DCM M—M—1, SKIP IF M = “F” 3 
TAB on SKIP IF [A bit n2] = “1” 54-57 1 


TMB n2 58-5B 





SKIP IF [M bit n2] = ‘‘1” 





—h 
m N 


Mol MOL NOL NENT NOT NIT NOT NT NITED TNE NM IT DMT NTN & 


[eo = 
Blox wo | uggigroneto io 

PC —ST, SP —SP41 
a 
i a 
: 
Proex [asco ame 
a 
a 
gsr | storcioce | soa | 2 


—_ 
Ww 
Lh 


Cycle 
2 
1 
1 


~ ij Ml MO TND] = 


p 


— 
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ABSOLUTE MAXIMUM RATING 


Parameter Symbol Limits Unit 


Input Voltage Ta = 25°C =O; | -03~Vpp | re | -03~Vpp | V 
Output Voitage 0.3: }-03~Vpp | V 
Ta = 25°C 


Ta = 25°C 
per one output SO max. mW 


OPERATING CONDITIONS 


Supply Voltage Zz 

(080) S420 
Data-Hold Voltage VDDH f(OSC) = OHz V 
Fan Out Ss 










Power Dissipation 
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DC CHARACTERISTICS 
(Vpp = 5V+10%, Ta = —40 ~ +85°C) 


“H" Input Voltage *1, *2 | VM | ——— | 2a] = | vob 
ret 4 [wy [9 [ [ 
a a 
oF Cumt venues] vow [ose [2 [=| 
romper | Woy [orton - [= [oa 
aimee’ | vos etme | = foe 


Input Current *3 V| = Vpp/0V ated = uA 


OD * We 
Foner = ronan atte 


“H” Output Current *1 


<j <x}/c7ec},cy;jscy<c 


Input Capacitance 





Output Capacitance 


| Co | 
VDD = ae no load 
(STOP) IDDS 


Ca ER ERA 


Crystal oscillation, 


*1 Applied to PO and P1. 
*2 Applied to P2. 

*3 Applied to OSCo 

*4 Applied to RESET 

*5 Applied to OSC: 


*6 In using LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum 
Rating.” 
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AC CHARACTERISTICS 
(Vpp = 5V+10%, Ta = —40 ~ +85°C) 


Input Data/Input Clock 

SR Clock Pulse With ce. Se. eae eee 

SR Data Setup Time tss P| 120 P= | = | ns 

SR Data Hold Time tth |  - |120; - | - | ns 

Data Delay Time t C, =15pF 'cy ns 
y DR L=lo0p +300 

SR Data Delay Time’ C) =15pF 'cy ns 

y ree +480 
SR Data Delay Time ad 
Using External Clock tsp CL=15pF p= fe! 360 | ns 
arias 2/8 
SR Clock Invalid Time tSINH icy ns 


* When SR clock is oscillated by alternate output of ‘‘1” or “O” to P01. 
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TIMING CHART 


OSCO s 
—— 

a a © 

hear ad 


1MC 
tcy 


DS tDH 
tDR 
tSR 
Po1/SCK - 
tsw 
INPUT 
P03 /SI DATA 
| lear Boe 
tss tSH 
Ia 
tsp 
P2 
tow 
1MC 
OSCO 
PO1 SCK inhibit period 'SINH 


during LMSR INST. 
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TYP. Maximum Oscillator Frequency 
OSC) 


vs Supply Voltage 
(VDD) 


Ta= 25°C 
CL= 15pF 









a 


f(OSC) (MHz) 


Eevee eae 
ee ee 
Sea eee ee 





ee eee 
eT Trt 
i ee 


_, 
Ou ND WO fF TFT ON DOW O OO 





alia 
i aioe 
123 45 67 8 9 10 
VDD(V) 


TYP. Maximum Oscillator Frequency 
(OSC) 





vs Temperature 
(Ta) CL= 15pF 
10 
. SS RRR ERe 








2h e Sees 
Eee ee See 
ae ee ee 
a Se eal alee 
see ke 





f(OSC) (MHz) 
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TYP. Current vs Voltage for High State Output 


IOH (mA) 


(lon) (Von) 












Ta = 25°C 
ee ae ee 
Ree a ee eae 
EET ETT 
“oe Lt won=ev | TT 
ee ee 
eer Meee ye Mele 
oa Ew AAT 
oils NL heeled 
ot TRE NAWL TT TU 

PL INNNA LT 


O 123 45 67 8 9 10 
VOH (V) 


TYP. Current vs Voltage for Low State Output 


lot (mA) 


(lo) (VoL) 





















Ta = 25°C 
9 
oe 1 ee i 
+e) SRS 
rot Wh etal Tt 
a 7eae eee 
stat i | tt 
Sa 
1! eee 
| 
| ASERRS ER 

1 
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TYP. Supply Current vs Supply Voltage 
(Ipp) 


(Vpp) 


Ta = 25°C 
No Load 





= 4MHz 


Ipp (A) 


| il 
100n i} 
0 1 2 5. 6 7 8 9 10 


3 4 


Vpoptv) 


OKI semiconductor 
MSM6422 


CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 


GENERAL DESCRIPTION 


The OKI MSM6422 is a low power, high performance single-chip device implemented in 
complementary metal oxide semiconductor technology. 

Integrated onto a single chip are 16K bits of mask program ROM; 256 bits of data RAM; 18 
Input/Output lines and oscillator. Program memory is byte wide and data-paths are organized in 4 bit 
nibbles. RAM and I/O lines are bit addressable. 63 instructions include Binary, BCD operations; Bit 
set, Reset, Test; Subroutine call and return. 


FEATURES 

@ Low power consumption — 30 mW Typical e LED direct drive available (mA x 5 ports at the 
@ 2048 X 8 Internal ROM same time) 

@ 64 X 4Internal RAM @ —A40O to +85°C Operating Temperature 

@ 181/O Lines include 8 Bit Data Bus @ 4.5to5.5V Operating Vpp at 4.2 MHz 

@ Self-contained Oscillator 3 to 6V Operating Vpp at 1 MHz 

@e 63 Instructions @ TTL Compatible 

e@ 2 Interrupt Levels @® 952ns Cycle Time @ 4.2MHz 

@ 16 Stack Levels (Vpp 5V 410%) 


@ Package: 
24 pin plastic DIP (DIP24-P-600) 
24 pin plastic SOP (SOP24-P-430-K) 


FUNCTIONAL BLOCK DIAGRAM 


interrupt 
Control 


Timing 
{ a 


Control 


3210 3210 3210 
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LOGIC SYMBOL (Top View) 
24 PIN PLASTIC DIP (RS) 24 PIN FLAT PACKAGE 


P20/INT [ 1 | 





PIN DESCRIPTION 


Terminal symbol Input/Output Reset 


POO 


PO1 4-bit I/O ports 

PO2 I/O (pseudo bidirectional agn 

Pos configuration) 

PY ' 4-bit /0. ports 

P12 I/O (pseudo bidirectional “qn 

P13 configuration) 

P31 4-bit |/O ports 

P32 I/O (pseudo bidirectional “qn 

P33 configuration) 

Pat 4-bit |/O ports 

P42 I/O (pseudo bidirectional “Q” 

P43 configuration) 

P50 2-bit I/O ports 

P51 I/O (pseudo bidirectional “Q” 
configuration) 

P20/INT 


1-bit input port with a latch. 
Combined use with an The latch.is 
_interrupt input(falling edge reset to “O”. 
trigger input) 
System clock (SYSCLK) 
input terminal. This provides 7 
OSCo Input an oscillation circle with 
OSC: terminal. 
System clock output 
eR terminal. This provides an 
OSC: Output oscillation circle with Re 
OSCo terminal. 


RESET Input RESET input terminal. — 
VDD Input Power Supply terminals — 
GND pu pply als. 
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FUNCTIONAL DESCRIPTION 


Program ROM 

Organized into as many as 2,048 words by 8 
bits, ROM is used to store developed application 
programs (instructions). It is addressed by the 
program counter (PC). 


Data RAM 

RAM consists of up to 64 words 4 bits wide. It 
is addressed by the H- and L-registers or by the 
contents of the second byte of an instruction. 


Input/Output Ports 

18 input/output port lines are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in instructions. 


P20/INT PIN (1 line) 

A low on this interrupt input pin sets the 
interrupt request flag. The flag is automatically 
reset when an external interrupt occurs. 

The line can be used as an input port when 
interrupt is not used. 


12-BIT TIME BASE COUNTER (TBC) 

The time base counter consists of a 12-bit 
binary counter. An interrupt request is generated 
each time an overflow occurs from the division of 
OSCo input signals by 272. 


PROGRAM COUNTER (PC) 

The program counter (PC) consists of a 
11-bit binary up counter. It is used to address 
ROM. 


STACK AND STACK POINTER (SP) 
An interrupt or subroutine call (CAL) causes 
the contents of the program counter to be saved 


ABSOLUTE MAXIMUM RATING 
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in the stack. The program counter is restored 
from the stack by the RT instruction. 

All RAM locations (up to 16. levels) are 
available as the stack. Note that four words of 
RAM are used for each level. 

The stack pointer is a 4-bit up-down counter 
that points to the address of the next stack to be 
used. It allows the RAM locations to be used as a 
push-down stack. 


L-REGISTER 
A 4-bit register which specifies RAM lo- 
cations A3-A0. 


H-REGISTER 
A 4-bit register whose two low-order bits 
specify RAM locations A5-A4. 


ALU 
The 4-bit logic circuit that provides arithmetic 
and logical operations. 


ACCUMULATOR (Acc) 

Consisting of a 4-bit register, the accu- 
mulator holds the result of operations or the data 
present on ports. 


C-FLAG 
The flag that holds a carry generated from the 
result of operations. 


TIMING CONTROL (TC) 

A O level on the RESET pin for longer than a 
predetermined period initializes the internal 
Circuitry and ports. 

Clock pulses are supplied to the OSCo pin 
from an external source. A crystal or ceramic 
oscillator may be connected to OSCo and OSC; 
to form an oscillator circuit to produce clock 
pulses. 





Parameter Conditions Unit 
Input Voltage Ta = 25°C V 
Output Voltage V 

oe see One Bek Ge mW 
Power Dissipation eee 
per one output mW 


Storage Temperature 
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OPERATING CONDITIONS 
Parameter 

Supply Voltage 


Memory-Hold Voltage 


Operating Temperature 


Fan Out 


DC CHARACTERISTICS 
(Vpp = 5V+10%, Ta = —40 ~ +85°C) 


P 98 15 
inputcunent®s = Vpp/ov pepe Ys | an 
D+ MHA Vz 
“H” Output Current *1 2 Vo =2.4V p01} - | = | mA 
“H" Output Curent = vos 0av eevee 
f = 1MHz, Ta = 25°C pF 
VDD = ae ‘no load 
Current Consumption Ta = 25°C | -[o2| 5 HA 
(STOP) IDps 
Proms TL re 


“4 
Te 
*3 
*4 
*S 


Applied to PO, P1,P3, P4, and P5 
Applied to P2 

Applied to OSCo 

Applied to RESET 

Applied to OSC; 


f(OSC) < 1MHz 
f(OSC) S 4.2MHz 
< ae 





Limits 
45~5.5 


~40 ~ +85 


NO 
=d 
or t 


TTL Load 





Unit 


"6 Inusing LED total output current should be within the limit of Power dissipitation in “Absolute Maximum 


Rating. 
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AC CHARACTERISTICS 
(Vpp = 5V+10%, Ta =—40 ~ +85°C) 


Input Data Setup Time tos ns 


Input Data Hold Time tpH ns 


Input Data/input Clock 
Data Delay Time | tpR Cy =15pF —ae tcy +300 ns 


P 20/INT 





145 


© MSM6422 e 


Load 


Control 


INSTRUCTION SET 
Ce 
[tao nm | to-mm | 2 | 2 
[poe | soe] 2 | 2 
Cr 
wor iY ees | 
RQTB 2 


Increment/ 
decrement 


0O!O0 
Hh 
= | ae 
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N 
INH 32 


rm 


oe) 
oO 
aS 


1é°) 1é*) 


2) 
O 
— 
w 
oa 


© 
~] 


12-mm 


Description 
Acc —n 
L-—n 
Acc —L 
L—Acc 
Acc +~-H 
H + Acc 
Acc +—-M 
M — Acc 
Acc -—M 
M(W) —nn 
HL —nn 
Acc «-Md 
Md +Acc 
Acc —Pp 
Pp —Acc 
MEIF — “1” 
MEIF — “0” 
EIEXF <— “1” 
EITBF — “1” 
EIEXF — “0” 
EITBF — “0” 
SKIP IF EIEXF="1” 
SKIP IF EITBF=“1” 
SKIP IF IRQEX=“1” 
SKIP IF IRQTB="1” 
IRQEX — “OQ” 
IRQTB — “0” 
L+—L+1, SKIP IF L=“0” 
H —H+1, SKIP IF H=“‘0” 
M —M-+1, SKIP IF M=“‘0” 
L—L-1, SKIP LF L="F” 
H —H-1, SKIP IF H=“F” 
M —M-1, SKIP IF M=“F” 


Md — Md+1, 
SKIP IF Md="‘0” 


INSTRUCTION SET (CONT.) 


Mnemonic 


A 


| 
NO 


54-57 
58 -5B 
68 -6B 
78-7B 


DD 
< 
3 


4] 5! 
o|owm| ® 
> 

NM | NN 


“” 
< 
88) 
= 

NO 


TPBDp n2 
RPBDp n2 
SPBDp n2 


Bit handling 


onm®) 


'?) 
Qi 


~ 


ADS 


DC 


AIS SE-4n 


~ 


DAS 
AND 


> 


Arithmetic 
Beleles 
BN 


CMA 
CAM 6 
CAI n SE -On 
RAL 
JCP a6 CO - FF 
40-47 
§ JP ait 00 - FF 
{ay} 
o | CAL att Anon 


00 - FF 


DD 


Others 
7) 


PUSH 


STOP 3D -B9 


Hex op code 


3D -pO~3 
3D -p4~7 
3D -p8~B 


hk —s ak 
O m 


Byte Cycle 


a 


—_ 


2 
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Description 
SKIP IF (Acc-Bit n2) = ‘‘1” 
SKIP IF (M-Bit n2) = “1” 
(M-Bit n2) — ‘‘O” 
(M-Bit n2) —‘‘1” 
SKIP IF (Pp-Bit n2) = “1” 
(Pp-Bit n2) — ‘‘0” 


(Pp-Bit n2) — “1” 
SKIP IFC = "1" 
C240" 

meee 


Acc — Acc+M, 
SKIP IF Cy=“"1” 


C, Acc —C+Acc+M 


Acc — Acc+n, 
SKIP IF Cy=‘1” 


Acc -— Acc+10 
Acc —AccAM 
Acc ~~ AccVM 
Acc ~ Acc¥M 
Acc ~— Acc 
SKIP IF Acc=M 
SKIP IF Acc=n 


Acc — 


ia 
ce — 3-2-1 a ae 

PC —a6 

PC —al1 


STACK —PC+2, PC—a11, 
SP—SP-1 


PC — STACK, SP —SP+1 


STACK — PC+2, PC—a11, 
SP—SP-1 


C, Acc, H, L STACK, 
SP-—-SP+1 


CLOCK STOP 
NO OPERATION 
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TYP. Current (I@}) vs Voltage (VoH) 
for High state Output 


(Ta = 25°C) 





“Ot O 44s 6 98 610 
Vou (V) 


TYP. Maximum Oscillator Frequency 
f(OSC) vs Supply Voltage (Vp) 


(Ta = 25°C, CL = 15pF) 


Ea ze 
Ge 7 
aie Sa 


fosc (MHz) 





eR eee ee ee 


0123 45 67 8 910 
Vpop (V) 


TYP. Maximum Oscillator Frequency 
f(OSC) vs Temperature (Ta) 


(Vpp=5V, CL = 15pF) 


aa SS Zee 
eee Seeks 
a ae ese 
ites eaee 
oli aide ete Ico) 
te ee tis NI Me 
Sake see 
ect calcd ene dle lied lad 
4} 4+t tt 
fea Westie at aoa a 


—40-—-200 2040 6080100120 
Ta (°C) 


10 















fosc (MHz) 
on 
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IDpD (A) 


TYP. Current (lo) vs Voltage (VoL) 
for Low state Output 












(Ta = 25°C) 
0 v AT voo-v | | 
ol ? WS A 
SY 
212 
= .8 
6 
4 


TYP. Supply Current (Ipp) 
vs Supply Voltage (Vpp) 


(Ta = 25°C, No Load) 


Seeaeao ae 





OKI semiconductor 
MSM6442 


CMOS 4-BiIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 





GENERAL DESCRIPTION 


The OKI MSM6442 is a low power, high performance single chip device implemented in 
complementary metal oxide semiconductor technology with 46 segment outputs and 2 commons. 
Also integrated onto this chip are 16K bits mask program ROM, 512 bits of data RAM, 28 
Input/Output lines and oscillator. 71 instructions include binary, BCD, logical operations; bit set, 
reset, test; subroutine call and return. 


FEATURES 


@ Low Power Consumption 30mW (typ) 
2048 X 8 Internal ROM 

128 X 4Internal RAM 

Two built-in counters 

12-bit time-base counter —40 to +85°C Operating Temperature 


8-bit programable timer/event counter 4.5 to 5.5V Operating Vpp at 4.2 MHz 
@ 16 Input/Output Ports and 46 LCD 3.0 to 6.0V Operating Vpp at 1 MHz 


Self-contained Oscillator 
71 Instructions 

4 Interrupt Levels 

16 Stack Levels 


Output Port and 2 Common Output e TTL Compatible 
(1/2 Duty, 1/2 Bias) ® Package: 
@ LED direct drive available 80 pin plastic OFP (OQFP80-P-1420-K) 


FUNCTIONAL BLOCK DIAGRAM 


ROM 
ACC ; 2048x8 


| PQ | INTEF PC 
qd 8Bit T/C INTRQF PD 


INT CONT 


LCD T/C 
LCD DRV 


LCDGND COM2 SEG46 XT al TEST3 INT 3210 3210 32 1 0 3210 
VM COM1 SEG1 BZ INOUT CIN 





149 


© MSM6442 e 


LOGIC SYMBOL 


SV 


Ov 
RESET INPUT 
RESET OUTPUT 


TEST 


——» 


CLOCK 
LCD CLOCK 
INTERRUPT INPUT 


INTERRUPT OUTPUT 
BU2ZER OUTPUT 


PORTO 
PORT 1 
PORT 3 


PORT 4 

3 
LCD POWER SUPPLY 
LCD/2 VOLTAGE 
COMMON 1 
COMMON 2 


SEGMENT 


PIN CONFIGURATION (TOP VIEW) 


25 
SEGMENT 
7 


PIN DESCRIPTION 


Terminal 


POO ~ P03 
P10 ~P13 


P30 ~ P33 
P40 ~ P43 
SEG1 ~ SEG16 


SEG17 ~ SEG46 


COM1 
COM2 


INT 

INT OUT 
RESET 
RESET OUT 
BZ 


OSCo 
OSC: 


xT 
XT 


LCDGND 
VM 
GND 


Input/ 
Output 


Input/ 
Output 


1/O port 7 
I/O port (P10 and count input CIN are in 


common) 
1/O port 


1/O port | 


LCD output port (can be assigned to data 
output in 4 bit wide) 
LCD output port 


LCD common output terminal 1 
LCD common output terminal 2 


Input/ 
Output 


Output* 


Output 


Input/ 
Output 


Buzzer pulse output port in 2048 KHz 


Crystal OSC or ceramic OSC connection 
Crystal OSC or ceramic OSC connection 
(System clock) 


32.768kHz crystal oscillator connection 
(use for LCD control) 


TEST terminal 1 (open) (Connected to Vpp) 
TEST terminal 2 (open) 
TEST terminal 3 (open) 


Power supply (5V) 
Power supply for LCD 


(Vpp—LCDGND)/2 supply voltage output 
or supply voltage input 


Power supply (OV) 


Input/ 
Output 





Input/ 
Output 


DD 
O 
” 
@O 
~-- 
= 
xe) 
Cc 
- 
xe] 
Oo 
> 


*“Q” indicates the LCD GND voltage level 
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When 
reset 


a | ” 


oO" 
ae © Nits 


‘g”’* 


‘4 ” 


saa | ” 
is ei 


(* 
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ELECTRIC CHARACTERISTICS 


® Absolute Maximum Ratings 


Supply Voltage | 3 ~7 | | 3 ~7 | cae V 

Input Voltage —O0. | -03~Vpp a | -03~Vpp V 
Ta=25°C 

Output Voltage —0.3~ Vpp V 

LCD Voltage LCDGND Vpp -9~ ee V 


® Operating Conditions 


Supply Voltage (OSC) = 
f (OSC) S$ 4.2MHz 4.5~ 5.5 V 
Memory Retension Voltage | VDDH Oscillation off 2~6 V 
LCD Clock 
MOS Load 
Fan Out (1/O Port) 
TTL Load 


*1 Voltage applied to LCD is (Vp5p>—LCDGND). 
*2 Oscillation Circuit for LCD Clock (XT, XT Port) is for Christal Oscillation only. 
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DC CHARACTERISTICS 
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(VDD = 5V 10%, LCDGND = OV, Ta = —40 ~ +85°C 


— 





aN 


4. OSCi lO = —15yA 





Symbol] Condition | MIN | T¥P | MAX | Unt 
vm 
“H” Input Voltage VIH 
: 
“L” Input Voltage] *1. *4 VIL io! 
2.4 


“H” Output lO = —400,A 
Voltage 


SEG1~SEG46 lO = —10pnA Vop-0.2 


* 


< 
O 
I 





COM1, COM2 lO = —50uA Vpp-0.2 
4, *2 -10 = 1.6mA 
“L” Output lO = 15mA 
Voltage VOL IO = 10yA 
10 — Sun 
Voeees COM1, COM2 lO +0.5 VDD/2 0.2 VDD/2 + 0.2 








a BA | BU wot oi oe mou <a 


pare 
on 


OSCO 


INT, RESET 


“H” Input Current 
















“L” Input Current IIL — A 
se 
pane mA 
= Output “4 IOH 
urrent 
VO = 0.4V — — mA 
Vop = 2V, TA = 25°C 
No load 
Current Display off 0.2 u 
Consumption ‘XT Port is fixed to “L” 
—at stop mode IDDS 
—no oscillation Display off 1 100 A 
XT Port is fixed to“L” 
— Current Diplay off 
Consumption IDDL | ay stop mode 100 200 pA 
—at stop mode f(XT) = 32.768 KHz 


No load 














Current Display off 
Consumption f(osc) = 4.2 MHz _ e = mM 
f(XT) = 32.768 KHz 
*1 Applied to PO, P1, P2, and P4. 
*2 Applied to INTOUT, RESET, and BZ. 
*3 Applied to OSCO, XT, and RESET. 
*4 Applied to XT, INT, and RESET. 
Note: “M” output voltage is intermediate voltage of the output from common port at dynamic display. 
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AC CHARACTERISTICS 


(VDD = 5V +10%, Ta = —40 ~ + 85°) 


Parameter 


Clock (OSC») Pulse Width 


Cycle Time | 


CT Clock Pulse Width 


Input Data Set-up Time tbs 120 
Input Data Hold Time tou 120 
INT Input Data Pulse Width tow: oe 120 


Data Delay Time 


Reset Input Pulse Width 


Note 1* 


Note 2” 





To release powerdown by inputting “L” level into INT Port, pulse width should be longer than the 
time for the oscillation stabilization at OSCo. 

The condition of stable oscillation. To release powerdown by reset, pulse width should be longer 
than the time for oscillation stabilization at OSCo. 
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TIMING CHART 





OSC 


[tow | ton 


OSCo 


PO, P1, | | 
aie INPUT DATA 


OSCo 


PO, P1, 
P3, P4 OUTPUT DATA 





P10/CIN 





154 





‘© MSM6442 e 


OUTPUT WAVE FORM OF LCD DRIVER 
STATIC MODE 





beste ~ VDD 
COM1, COM2 
VCDGND 
SEGN seid 
(n = 1~46) 
LCDGND 
—--—--- Vpp-LCDGND 
COM1~SEGn 0 
COM2~SEGn 
~-------+~+~~-~--+4---~--- —(Vop-LCDGND) 
DISPLAY DISPLAY 
OFF 
DYNAMIC MODE 
ee ee VDD 
COM1 ie 
eters -~- LCDGND 
---- VDD 
COM2 ; 
oe ets LCDGND 
SEGn - a 
(n = 1~46) -- LCDGND 
Boe aes ess Vpbp-LCDGND 
eee VM-LCDGND 
COM1~SEGn : 2 
-—~~- —(VM-LCDGND) 








—~--- ~+-p—-+- -~ VM-LCDGND 
COM2~SEGn = —4—-4-4-+-+- ae ee 
= —(VM-LCDGND) 
DISPLAY J —-A____- _—~ —(Vpp-LCDGND) 
OFF OFF 
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FUNCTIONAL DESCRIPTION 


ROM 

Organized into 2048 words by 8 bits, ROM 
is used to store developed application programs 
(instructions). It is addressed by the program 
counter (PC). 


PROGRAM COUNTER (PC) 
The program counter consists of a 11-bit 
binary counter. It is used to address ROM. 


STACK 

An interrupt or CAL instruction causes the 
contents of the PC to.be saved in the stack. Also, 
the PUSH instruction causes the contents of 
accumulator, carry-flag, H- and L-register to be 
saved in it. These are allowed to be restored by 
the RT instruction or POP instruction. 


RAM 

Organized into 128 words of 4 bits, RAM is 
addressed by the H- and L-register or the con- 
tents of the second byte of an instruction. 


L-REGISTER 

A 4-bit register which specifies the row 
address of RAM and the port-address in the port 
operation instructions. It is also used as a 
working register. 


H-REGISTER 

A 4-bit register which specifies the column 
address of RAM and is used as a working 
register. 


ALU 
A 4-bit logic circuit which provides 
arithmetic and logical operations. 


ACCUMULATOR (ACL) 

Consisting of a 4-bit register, the 
accumulator holds the result of operations or the 
date present on ports. 


C-FLAG | 
The flag that holds a carry generated from 
the result of operations. 


INPUT/OUTPUT Ports (16 bits) 

16 input/output ports are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in the instructions. 


12-bit TIME-BASE COUNTER 

The time base counter consists of a 12-bit 
binary counter. It is used to devide the frequency 
of the OSCo input by 2'2 and generate the 
interrupt request at every over-flow signal. 
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8-bit TIMER EVENT COUNTER 

The timer event counter consists of a 8-bit 
counter (8-bit) register, comparing and 
controlling circuits. It is used to count pulses of 
an internal or external source. Coincidently, if 
value between the counter and the register 
Causes interrupt request occur. 


LCD DRIVER 

The LCD driver is used to effect LCD display 
by transferring data in a program to the register 
assigned as port 5 and 6. It is available to select 
driving in static or dynamic operation (1/2 duty 
cycle) and frame frequency (128 Hz/64 Hz) and 
to drive up to 92 segments at 1/2 duty. Also, 16 
outputs(SEG1~ SEG16) of the segment terminals 
can be used as normal data outputs. 

A standard LCD clock is produced by the 
oscillation dividing a crystal oscillator (32.768 
kHz) connected to XT and XT terminals. This is 
also used as standard clock of displaying, clock 
interrupting and watch dog timer. (This clock can 
be also produced by dividing a frequency of 
4.194304 MHz. Note the selection of the frame 
frequency, when the crystal oscillator is used 
without a frequency of 4.194304 MHz.) | 


INTERRUPT 

As shown below, 1 ~ 4 is available to interrupt; 

1. External interrupt at the falling edge of INT 
signal input 

2. Clock interrupt at every second (32.768 kHz 
crystal oscillator) 

3. Time base counter interrupt at the occurance 

. Of an overfiow of the timer base counter. 

4. Timer event counter interrupt coinciding 
between the signals of the 8-bit counter and 
register: 

Interrupts 1 and 2 are also used to release the 

power down mode. 


WATCH DOG TIMER (WDT) 

A timer for detecting the overrunning of the 
program. This timer produces the overflow signal 
by dividing the 64 Hz frequency by 4 generated 
from the oscillation of a frequency of 32.768 
KHz. It can be also halted, when unused. 


TIMING CONTROL (T.C) 

A O level on the RESET pin for longer than 
predetermined period initializes the internal 
Circuitry and ports. 

Clock pulses are supplied to the OSCo pin 
from an external source. A crystal or ceramic 
oscillator may be connected to OSCo and OSC: 
to form an oscillator circuit to produce clock 
pulses. 








INSTRUCTION SET 


1 


LAL 21 1 1 


n 
0 


Par ee ie 
: 
gb 
feo p | 0-0 | 2 | 2 
rwer Si aes [ef 
ec 
5 
rner—«df aca fe | 
co z 
ee 
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Description 
Acc —n 
L-—n 
Acc ~—L 
L +—Acc 
Acc -—H 
H - Acc 
Acc --M 
M — Acc 
Acc-—~M 
M(W) —nn 
HL —nn 
Acc --Md 
Md -— Acc 
M(W) — CT 
CT —M(W) 
Acc Pp 
Pp —Acc 
MEIF — “1” 
MEIF — “0” 
EIEXF —‘‘1” 
EICTF —‘1” 
EIEXF —‘‘0” 
EICTF — “0” 
SKIP IF EIEXF="1” 
SKIP IF EICTF=1” 
SKIP IF IRQEX="1” 
SKIP IF IRQCT="1” 
IRQEX — “0” 
IRQCT — “0” 
L+—L+1, SKIP IF L="0” 
H —H+1, SKIP IF H=“‘0” 
M —M+1, SKIP IF M="0” 
L+—L—1, SKIPIF L="F” 
H —H-—1, SKIP IF H=“F” 
M —M-—1, SKIP IF M=M” 


Md — Md-+1, SKIP IF 
Md=“‘0” 


157 


NAS AG A ce i 


INSTRUCTION SET (CONT.) 


sean | rors | + | 


SPB n2 
TMB n2 58 -5B 


2 | RMB n2 68 - 6B 
xe) 

© | SMB~ n2 78-7B 
<< 

7 TPBDp n2 3D -poO~3 


RPBDp n2 
SPBDp n2 


3D -p4~7 
3D -p8~B 





| 
O 


Be) 
QO 


sc 

g [ano | o> 

[conf me iP 
08 
: 
ie i eee 
pe ae ae oe. 

S| nop ee 
rer 
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Description 
SKIP IF (ACC—Bit n2) = “1” 
SKIP IF (P—Bit n2) = “1” 
(P—Bit n2) — “0” 
(P—Bit n2) — “i” 
SKIP IF (M—Bit n2) = “1” 
(M—Bit n2) — “O” 
(M—Bit n2) — “1” 
SKIP IF (Pp—Bit n2) = ‘‘1” 
(Pp—Bit n2) — “0” 
(Pp—Bit n2) — “1” 
SKIP IF C = “1” 
C —“0” 
C1” 


Acc — Acc+M, SKIP IF 
Cy="'1 99 


C, Acc — C+Acc+M 


Acc — Acc+n, SKIP IF 
Cy="1 ” 


Acc —Acc+10 

Acc —AccAM 

Acc — AccVM 

Acc — Acc¥M 

Acc -— Acc 

SKIP IF Acc=M 

SKIP IF Acc=n 
$210 

PC —a6 

PC —al1 

STACK — PC+2, 

PC—ai1,SP-—SP-1 

PC — STACK, SP — SP+1 


STACK —C, Acc, H, L, 
SP—SP-1 


C, Acc, H,L — STACK, 
SP—SP+1 


CLOCK STOP 

NO OPERATION 

CTF — “1” (Counter Start) 
CTF — "0" (Counter Stop) 
Skip if CTF = "1" 


OKI semiconductor 
MSM6434 


HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER WITH A/D CONVERTER 





GENERAL DESCRIPTION 


The OK! MSM6434 microcontroller is a low power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 32K bits of mask 
program ROM, 1024 bits of data RAM, 13 Input/Output lines, a programmable timer/event- 
counter, 8 bit A/D converter, and oscillator are integrated onto one chip. Program memory is byte 
wide and data-paths are organized in 4 bit nibbles. RAM and I/O lines are bit addressable. 113 
instructions include binary, BCD operations; bit set, reset, test; 8 bit 1/O; relative jumps; multi 
functional instructional (increment, modify, skip) 8 bit wide table output; subroutine call and 
return. 


FEATURES 
@ 4000 x8 MASK ROM @ 32 stack levels (in RAM) 
An evaluation board is available for up to 
8k x 8. @ LEDdirect drive available (8 mA x 3 ports 


at the same time) 
@ 256x4RAM (including the stack area) 
@ Power down features 
@® 3x4,1x1 ports, 13 I/O lines 


1 lines for input ports having a latch, and @ Instruction execution time 
the other 12 lines for bit operation are 952 ns 4.2 MHz clock 
available. 


@ Instruction systems suitable for control 
@ Three built-in counters 


12-bit time-base counter @® 113 instructions 
12-bit programmable timer 
8-bit high-speed programmable @ 8 bit A/D converter (4 channel) 


time/event counter 
e Full static operation 
e@ 4interrupts with four priority levels 
(3 internal, 1 external) @ Low power consumption 
TYP 0.4 W at Vpp = 2V 
TYP 5pW at Vpp = 5V OHz clock 


® 5V single power supply 
@ Package: 
30 pin plastic shrink DIP (SDIP30-P-600) 


40 pin plastic DIP (DIP40-P-400) 
44 pin PLCC (QFJ44-P-S650) 
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PIN CONFIGURATION 


(Top View) 30-Lead Plastic Shrink DIP (Top View) 40-pin Plastic DIP 





BLOCK DIAGRAM 


RAM s——"\ ROM 


16x 16x4 4000 x8 


Interrupt 
Control 


Timing 
& 
Control 


TESTO 
TEsT2 
TESTS +114 


id ae AD CONVERTER 
ee 


VRH 
ae ne ae 


CH3 CH2 CHi CHO 





160 


-© MSM6434 e 


PIN DESCRIPTION 


Input port with a latch. P20 is shared with INT The latch is reset 
input. (Fall trigger input). Built-in pull up 


P20/INT Input 


register 


P50- 53 Input/Output | 4-bit input/output port "0" 
P70 - 73 Input/Output | 4-bit input/output port “0” 
P80 - 83 Input/Output | 4-bit input/output port “0” 


OSCO Input/Output | X’tal connection terminal for system clock Oscillation wave 
OSC} oscillation 


TEST Output Pulse output 





(Test terminal for Maker) 


TESTO - 3 Output Hi-z 


RESET Input System reset input terminal "0" 
CHO - 3 Input Analog voltage input pin 
VRH Reference voltage input pin for A/D converter 


AVDD A/D converter power supply 
AGND 

VDD System power supply 

GND 


INSTRUCTION LIST 





Load, [n(n Be es | 
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INSTRUCTION LIST (Continued) 
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x 

LMA + MA, Le-L + 1, Skip if L=0 

(MAS Mea, Let =, SkipifL=e 
D 


Mnemonic Description 


@ 


AcM, LL - 1, Skip if L=F 


LAMM no AeM, H—HVn2 39-3B 


LMCT M(w)<—CT 3E59 
ccm [ere 
LTMM TM<(M(w), A) 3E50 


2 
2 
2 


3 
inn __|wewsiskpitweo itt 
int idietvtaninitse || 
intent stpitmeo «dae 
Increment/ i. 
pow _|wewaskiptwer | a7—| 
pa —iflet-askpitter | 
pew —[aewnskpiter se 
oes [AcearMecaninoyes || 1 
pam awavé SSCS 
pas—idaearoSSSSCSC~*dCSd 


x< 


x | xX x< 
1 


Exchange 


LMTD mm_ | Md(w)<T(M(w), A), T= ROM table 





Cycle 
1 
1 
1 


Wi Wi nT NT NT Wl NTN] — 


a 
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INSTRUCTION LIST (Continued) 


3 


1 
1 


<r 

a 

Co 
a 
foweisiwime we 
rowensnwine | mf 
fe ape 
Ca = 
a a 
3 
3 
; 

ee iptas 


TAB Skip if A bit (nz) = 1 
RA 
SAB ! 
T™ 
a eae 
aC a eo 
sean a = a ae : 
SFB ma [Fbitinet |e | | 
3 
3 
EC 
TPBD Skip if Pp bit (nz) = 1 | 3Dpo~s | 2 | 
peso ons [Pobveniea | 05 [2 


sonal —_ 


apr e 
3 
N 


N | NTN 
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INSTRUCTION LIST (Continued) 


Skip if EITME = 1 3DC2 


Skip if EICTF = 1 3DC3 
Skip if EIEXF = 1 3DC0 
Skip if IRQEX = 1 


Skip if IRQTB = 1 


3D20 
3DD0 


Sspitenrat 
Spite) 
Sspiteenrer 
spitnge=t 
spitnare=1 


Skip if IRQTM = 1 3DD1 


Skip if IRQCT = 1 3DD2 


RQEX IRQEX<-0 3D24 


RQTB IRQTB<0 3DD4 


RQTM IRQTM<-0 3DD5 


sa~/a}al/alayaia 
615/318) 2/91 2 


RQCT IRQCT<0 3DD6 


NPE NT NT NT NT NTN TN EN TNT NM END T NM PT N OP NTN PE NM PNM ENT NOD ON] NF NOT ON 


ECT CTF<1 (start) 3DBB 
Counter DCT CTF (stop) 3DB7 
TCT Skip if CTF = 1 3DB3 

PC<—ag CO~FF 1 1 

JP a42 PC<—aj> 4a42 Z 

Branch CZP a ST<—PC + 1, PC<—2a, 4 


SPe-SP - 4 


Ay 


CAL ai2 ST<—PC + 2, PCe—a42, 
SP<—SP ~ 4 


Aai2 


RT PCeST, SP<-SP + 4 
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INSTRUCTION LIST (Continued) 


RTS PC<-ST, SP<—SP + 4, 
Skip unconditional 
Branch 
a | 


3DpC 
ee 
CPU 
contro] | HALT | Halt CPU 3DB8 2 
STOP Stop Clock 3DB9 oe 2 


ABSOLUTE MAXIMUM RATINGS 


AVpp ~0.3to7 V 
Supply Voltage 
Ta= 25°C 
VRH —0.3 to |-0.3t0Vo0 | V 
Power Dissipation 
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OPERATING RANGE 


Item Symbol Limits Unit 


V f = 1MHz 3to6 V 
Supply Voltage a se 


fiosc)= 4.2 MHz 4.5to5.5 V 


Operating Temperature Top Le - 40 to +85 C 


Fan Out 


DC CHARACTERISTICS 
(Vpp = AVpp = 5V + 10%, Ta= - 40 to + 85°C) - 


roe” es ee 
ek em 


Input Capacity 





166 





-® MSM6434 e 


Parameter Symbol | Conditions | MIN TYP MAX Unit 
Current Dissipation Ta = 25°C 
(when stop condition) 
No load pA 


*1 AppliedtoPS,P7andP8 *4 Applied to RESET 

*2 Applied to P2 *5 Applied to OSC, 

*3 Applied to OSCo *6 In using LED, total output current should be within the limit 
of Power dissipatation in “Absolute Maximum Rating.” 


AC CHARACTERISTICS 
(Vpp =AVpp =5Vt 10%, Ta= -40 to + 85°C) 


Clock Pulse Width Clock (OSC) ok See tie ae 

cycle Tine Pe | fee [= [= 
Input Data Setup Time tps P= 0 | = | ns 
Input Data Hold Time i ns 


Input Data, Input Clock Pulse 120 ns 
Width 


A/D CONVERSION CHARACTERISTICS 
(Vpp = AVpp = Vay = 5V + 10%, GND=AGND = OV, 1MHz& f(osc) $4.2MHz, Ta= - 40 to + 85°C) 


Conversion Speed tcon 


Analog channel Input Current ViZ AGND 
VI=VRH 


(Note: tcy = 952ns (f(osc) = 4.2MHz)) 
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TIMING CHARTS 


Output Condition 


PA=5,70r8 
Ps, P7, Pg 


P>, Ps, P7, Pg 
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OKI semiconductor 
MSC6458 


OKI 4-BIT 1-CHIP MICROCONTROLLER 





GENERAL DESCRIPTION 
The MSC6458 is a high-speed, 4-bit 1-chip microcontroller with built-in FLT drivers/controllers developed 
to support relatively large control systems. 


FEATURES 


@ ROM: 8000 x 8 bits @ Serial I/O: Built-in 8-bit SIO register 
@ RAM: 512 x 4 bits Oscillation circuit: Crystal or ceramic oscillation 
@ Ports: I/O 24 ports (8 having IOL = 20 mA) Number of instructions: 147 
Input 9 (2 also serving as interrupt inputs) Cycle time: 930 ns ( 4.3MHz) 
@ FLT drivers (Withstand 12 (l1OH = 20mA) Operating ranges: 4.5 to 5.5V ( 4.3MHz) 


voltage 40V): 12 (IOH = 6mA) Voltage: 3.0 to 6.0V (1MHz) 
@ LED direct drive available Temperature: —40 to +85°C 
@ Interrupts: 7 lines (2 external, 5 internal) @ Power dissipation (typical) 
@ Built-in counters: 12 bits, timebase counter (display off): 9mA (5V, 4.3MHz) 
16 bits, programmable counter 2mA ( 3V, 1MHz) 


Power down: STOP instruction 
Package: 64-pin shrink DIP 


Package: 
64 pin plastic shrink DIP (SDIP64-P-750) 


8 bits, high-speed 
programmable timer/event 
counter 


BLOCK DIAGRAM 


RAM 
256 x 4x2 
—— Se 


ae | interrupt 


mae 
seve jm] emo] | ae = 
& —" OSC, 


Control —~ TEST 








F 
3 
E 
5 
rn 


= ey 





+— RESET 
iat } yo bE — voo 
ot Gry Ged Get Ld on 
3210-210 9210 3210 3210 3210 2 0__3210_3210 
| Le {| LEX] | Cac 
INT1 TMO so 
. TcK “SI 
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LOGIC SYMBOL PIN CONFIGURATION (TOP VIEW) 


64 PIN PLASTIC _ 
SHRINK DIP 





PORT3 
<> 


<> 


<I—o> 
<a 


> 
PORTS 


PORT4 


ov 
FLT Power 


PORTO | 


KS 


on O-NWO-NWOANDO~-~ND 


PORT! | 
T QO : Digit output 
Foe 2[ O i tor FLT 


PORT7 


Segment Output 


PORTS 
for FLT 





PIN DESCRIPTION 


Input/ : When 





















POO 1/O port 

PO1/SCK Input/ I/O port (also used as serial clock input SCK) ug” 
PO2/SO Output I/O port (also used as serial data output SO) 

PO3/SI \/O port (also serial data input S!) 

P10/CIN 1/O port (also used as count input CIN) 

P11/TMO I/O port (also used as timer output TMO) sr ad 
P12/TCK I/O port (also used timer clock input TCK) 

P13 1/O port 

P20/INTO Input Port with Latch (falling edge sensitive) 

P22/INT 1 also used as interrupt input INTO = 


Input Port with Latch (‘0’ level sensitive) 
also used as interrupt input INT1 


re rr ar i 


= Input/ “4s 

P30 ~ P33 Output I/O port 1 
Input/ &c ” 

P60 ~ P63 Output 1/O port 0 






DAD — PA Autos a aren orm ee keen cree eee 

P50 ~ P53 1/0 port (Io, =20mA MAX) “O" 
P70 ~P72 Input port with pull down register 

P80 ~ P83 Pull down register of P70 ~ P72 can be removed 


by instruction 


FLT segment driver (dynamic) “OQ” 


SEGO ~ SEG11 


T11/SEG12 FLT segment driver (dynamic)/Timing output ie 0 
~ T8/SEG15 

T7/OUT7 
~ T0/OUTO FLT segment driver (static)/Timing output “Q” 


OSCO Input/ Crystal connection terminal for system clock oe 
OSC1 | Output oscillation 

System reset input = 
TEST Output Test pin (Open) _ 


VFLT Power supply for FLT driving = 
a System Power Supply = 





FUNCTIONAL DESCRIPTION 


1. ROM 
The ROM, organized in 8 bits, has a 
maximum capacity of 8000 bytes. 


2. RAM 

The RAM is organized in 4 bits per word, 
with a capacity of 512 words. 

It is separated into two banks each 256 
words long. Bank selection is accomplished via 
internal ports. The RAM location in the banks is 
addressed by the H and L registers or by the 
second byte of each instruction. 


3. Ports (24 I/O, 7 input) 

The 24 pseudo-bidirectional !/O ports effect 
or control the exchange of data with external 
sources. The ports are specified by the L 
register or by codes contained in instructions. 
Ports 4 and 5 may draw IOL up to 20mA. 

The seven input ports have built-in pulldown 
resistors. Up to 84 keys can be scanned by 
assembling them in key matrices with the timing 
outputs of the FLT drivers (with 12 segments x 
12 timings on display; also during automatic 
display). 


4. Interrupt Input Pins (2 terminals) 

The INTO/P20 and INT1/P22 pins are 
interrupt input pins. External interrupt request 
flags of INTO/P20 pin and INT1/P22 pin can be 
set by using interrupt input pins: 

INTO/P20 pin ... positive edge or negative edge 
input. 
INT1/P22 pin ... “O” level input. 

These flags are automatically reset when 
the appropriate external interrupts occur. These 
pins are available for use as input ports when not 
used as interrupt input pins. 


5. FLT Drivers/Controllers (Automatic Display) 

The FLT drivers have a withstand voltage of 
40V in the positive direction from the GND level. 
They comprise 12 ports that can draw 20mA as 
IOH (Timing outputs) and 12 ports that can draw 
6mA as such (Segment outputs). 

A choice of four display modes is supported 
as listed below. A display RAM area is allocated 
as part of the RAM space. Data is automatically 
displayed when transferred to the display RAM. 
(Two different display frequencies are 
selectable.) Static output data can be displayed 
by controlling the FLT drivers by programming. 
Display modes (@4.194304 MHz) 

(1) 12 Segments x 12 Timings 
1/12 duty (85.3/341.3 Hz) 
(2) 16 Segments x 8 Timings 
1/8 duty (128/512 Hz) 
(3) 16 Segments x 4 Timings +4 output* 
1/4 duty (256/1024Hz) 
(4) 16 Segments+8 output* 
Program controlled 
*output: static outputs 
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6. Stack (STACK) and Stack Pointer (SP) 

The PC is saved in the stack when an 
interrupt occurs or a CAL instruction is 
executed. It is recovered by the execution of an 
RT instruction. 

One fourth of the RAM space (128 words 
maximum, 32 levels) is available as a stack area. 
A 4-word RAM area is used for “one” level in the 
stack. 

The stack pointer is an 8-bit up-down 
counter (the MSB and 2 bits from LSB being 
fixed at ‘1’) indicating the next stack address to 
use. It enables the RAM space to be used aS a 
pushdown stack. Data can also be transferred 
between stack pointer and the H/L registers. 


7. Interrupts 
Seven interrupt lines are provided for eight 
sources and eight levels of interrupts as follows 
(two external inputs): 
(1) Display interrupt 
Update to timing signals (positive edge) 
(2) External interrupt 
Negative edge on the INTO/P20 pin 
(3) External interrupt2 
Positive edge on the INTO/P20 pin 
(4) External interrupt3 a 
‘O’ input on the INT1/P22 pin 
(5) Timebase interrupt 
1 2-Bit timebase counter overflow 
(6) Timer interrupt 
16-Bit timer and timer register matched signal 
(7) Counter interrupt 
8-Bit counter and counter register matched 
signal 
(8) Serial/O interrupt 
8-Bit shift register shift end signal 


8. 12-Bit Timebase Counter 

The timebase counter is made up of a 12-bit 
binary counter. It generates an interrupt request 
every time it overflows as a result of dividing the 
OSCO input 272. 


9. 16-Bit Programmable Timer/Event Counter 

Comprising a 16-bit register, a 16-bit binary 
counter, a comparator circiut, and a control 
circuit, the programmable timer generates an 
interrupt request when the register and counter 
values are matched. 


10. 8-Bit High-Speed Programmable 

Timmer/Event Counter 

The high-speed programmable timer/event 
counter comprises an 8-bit register, an 8-bit 
binary counter, a comparator circuit, and a 
control circuit. Starting and stopping the counter 
can be controlled by instructions. It generates an 
interrupt request when the register and counter 
values are matched. 
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11. 8-Bit Serial 1/O 

Serial 1/O consists of an 8-bit shift register, 
a 3-bit shift counter, and a control circuit. It is 
used for serial data input and output. Serial data 
input and output takes place synchronized with 
a shift clock, which is selectable between 
internal and external clocks. The shift counter 
automatically terminates a data transfer on 
counting eight shift clock pulses and generates 
an interrupt request. 


12. Registers (Acc, H, L, F) 

The accumulator (Acc) is a 4-bit register 
used to perform data transfers or calculations 
with the RAM, other registers, ports and so on. 

The H and L registers are each a 4-bit 
register. They transfer data to and from Acc and 
SP (stack pointer) and address the RAM. The L 
register is also used to specify ports to use. 

The F register is made up of four 
independent flip-flops. It can be used as a 
program “‘flag’ or general-purpose register 
because each of these flip-flops permits 
set/reset testing and transferring 4-bit parallel 
data to and from Acc by instructions. 


13. Timing Control (TC) 

A ‘0’ input on the RESET pin for a certain 
period initializes internal circuitry and ports. 

As the input side of clock pulses, the OSCO 
pin accepts clock pulses from an external 
source. Clock pulses may also be obtained by 
configuring an oscillation circuit with a crystal 
oscillator or ceramic resonator connected to 
OSCO and OSC1. 
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Load Instructions, etc. 


Mnemonic 


LAI 
LLI 
LHI 
LHLI 
LMI 
LAL 
LLA 
LAH 
LHA 
LAM 
LMA 
LAM+ 
LAM— 
LMA+ 
LMA— 
LAMM 
LAMD 
LMAD 


X+ 


XM 
LMT 


LFA 
LHLS 
LSHL 


OP 
IPD 
OPD 
OPT 


n 
n 
n 
nn 


nn 


n2 


mm 


n2 


mm 


Description 
| wor | ot | tt [aan 

Len 

Hen 

HL mn 
ee ee er 
Ee ee 

Loa 

ACH 

HOA 
pet ft fae 
ee ee 
ae te toe hae oe 
— wee ae A<—M,L<L-1, Skip if L = “F” 
Te To tok ea 
a Sg Ee teeth mae 
| sae ft | ot [Ae MH eH ne 

| tom | 2 | 2 [acm 

| item | 2 | 2 [Mica 
ee ee ee 

a eee ee 
ae ne A<—M,L <—L-1, Skip if L = “F” 
aap | ot | 1 [AM HH ve 

p tem | 2 | 4 [Moe toaiw, a) 
ee ee 

| seso | 2 | 2 |Fea 

| sess | 2 | 2 |mese 

| seca | 2 | 2 [seen 
ee ee ee 
ft Tt [Pe 

| ap-pp | 2 | 2 |axPp 

| apo | 2 | 2 |Ppoa 
ee ee 
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Interrupt Control Instructions 


Mnemonic 
MEI 
MDI 
EIXD 
EIXU 
EIXL 
EIDP 
EITB 
EITM 
EICT 
EISR 
DIXD 
DIXU 
DIXL 
DIDP 
DITB 
DITM 
DICT 
DISR 
TIXD 
TIXU 
TIXL 
TIDP 
TITB 
TITM 
TICT 
TISR 
TQXD 
TQXU 
TQXL 
TQDP 
TQTB 
TQTM 
TQCT 
TQSR 
RQXD 
RQXU 
RQXL 
RQDP 
RQTB 
RQTM 
RQCT 
RQSR 
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[—se-60 | 2 | 2 MEROr 
[seo | 2 | 2 [Mer 0" 
[ses | 2 | 2 [emore 
[aco | 2 | 2 [exurer 
[ape [2 | 2 exiror 
[ape | 2 | 2 |eoPrFor 
ee ee 
[appa [2 | 2 [ecro" 
[apo [2 | 2 | esRFor 
[aes [2 | 2 [EOF 0" 
[—so-e6 | 2 | 2 [exiroo 
[—sp-e7 [2 | 2 | eDPFo"0 
ee 
[spo | 22 enMr 0" 
[—a0-be[ 2 | 2 [ECT "0" 
[spor [2 | 2 EISaF <0 





Description 


[—sp-c0 [2 | 2 | SkpteWoF= "7 
[—ao-e1_[ 2 | 2 | Skpiremur = 
[—ao-ee [2 | 2 | Skptemr = 
[—s0-es | 2 | 2 | SkpiteDPr= "7 
[—sp-bo[ 2 | 2 | Skp werner =" 
[—ap-b1| 2 | 2 | skp femur =F 
[—sp-be_[ 2 | 2 | SkpiteloTF = "1 
[30-20 | 2 | 2 | Skip ROXOF = 
[aoa 2 | 2 | Skip in ROXUF = 
[aoa [2 | 2 | SkpiiROXLF =" 
[0-23 | 2 | 2 | SkpimiRDPF =" 
[30-60 [2 | 2 | skp mnarer = 
[—ap-c1_[_2 | 2 | Skip inOTWr = "1 
[s0-c2 [2 | 2 | Skpiminactr =" 
[apes 2 | 2 | SkpiiROSAF =" 


[—ap-28 [2 | 2 | IROXDF "0" 
[0-25 [2 | 2 IROKUF "0" 
[—ap-26 [2 | 2 IROXLF 70 
[s0-27 [2 | 2 | iRavPr 0" 
[s-ce [2 | 2 [iRoTer 0 
[apes [2 | 2 IRGTWF 0 
[ap-os [2 [2 [inactr "0 
[—ap-c7 [2 [2 [iRasAr —"0" 
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increment/Decrement Instructions 


Mnemonic Description 
= ane 
: i emnae 
= eee 
= arene 
DCA Pa ft ft A —A-1, Skip if A = “F” 
=i sere 
= ae ee 
= ere we 
ae" ane 
DCMD = mm | ig.mm | 2 | 2 | Md — Md—1, Skip if Md = “F” 


Bit Handling Instructions, etc. 


7B ne Skip fA (na) = "1 
TPB n2 } so-53 ff ot | ot Skip if P (n2) = “1” 
1B ne Skip (n2) =" 
7B nd Skip fF (na) = "7 
TPBD p, n2 Pees Tos Skip if Pp (n2) = “1” 
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Arithmetic Instructions 


Mnemonic | Description 
noes a Ea tN RAC oeeeS 
A08 a a ee ee ee 
a ae oe a ee ee 


-——_ A— 
RAL coe 3<-2<-1<09 
—A— 


Branch Instructions, etc. 


Mnemonic Description 


40_4F 
CAL a2 SOT FE es | ke ST — PC+2, PC —a12, SP — SP-4 


SF 3F 
LJP a13 00-—1F 3 PC —ali3 
OO FF 
3F 3F 
LCAL = a3 80-9F 3 ST — PC+3, PC —a13, SP < SP—4 
00 FF 
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Counter Control Instructions, etc. 


Mnemonic Description 
ECT CTF — “1” (Counter Start) 
DCT | Soeey | ee | CTF —“0” (Counter Stop) 
ToT Skip if CTF =" 
LSRM | ge-s2 | 2 | 2 SR — M (w), SC — “0” SC: Shift Counter 
ESR fe ater SRF — “1” (Shift Register Start) 
DSR | sp-pe | 2 | 2 | SRF < “0” (Shift Register Stop) 
TSR [—ap-e2 | 2 | 2 |ekpwerr=-r 


CPU Control Instructions, etc. 


Mnemonic Description 
PUSH [4c | 4 | 3 [st-cAnusp—sp-4 
PoP CAL ST, SP—SP+4 
NOP | 0 ft ft No Operation 
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Explanations of Instruction Symbols 
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: Accumulator (4-bit) 

> H register (4-bit) 

: L register (4-bit) 

: F register (4-bit) 

: RAM word addressed by the H and L registers 

: RAM word addressed by second byte of an instruction code 

: Two RAM words addressed by the H and L register/H3-0 and L3-1 (8-bit) 
: Two RAM words addressed by second byte of an instruction code (8-bit) 
: Four RAM words addressed by the H and L register/H3-0 and L3-2 (16-bit) 
: Four RAM words (16-bit) allocated as a stack area 

: Stack pointer (8-bit) 

: Program counter 

: Port specified by the L register (4-bit) 

: Port specified by 4 high-order bits of second byte of an instruction code (4-bit) 
: 8-Bit counter/register 

: 8-Bit programmable counter 

: Programmable counter start flag 

: 16-Bit timer/register 

: 16-Bit programmable timer 

: 8-Bit shift register 

: Shift register start flag 

: ROM address data specified by a11-4 as X and a3-0 as Y (12-bit) 


ROM table data specified by a11-4 as X and a3-0 as Y (8-bit) 


: Immediate data (4-bit) 

: Immediate data (8-bit) 

: Two low-order bits of an instruction code 

: Bit specified by the two low-order bits of an instruction code 
: ROM address data 

: ROM address data (X-bit) 

: RAM address data (8-bit) 

: Carry flag 

: Flag indicating a carry in a calculation result 
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ELECTRIC CHARACTERISTICS 
® Absolute Maximum Ratings 
Parameter S Limits Unit 
—0.3~7 V 
Vopb ~ 45 V 
—0.3 ~ Vpp V 
—0.3 ~ Vpp V 
—0.3 ~ VELT V 


Conditions 


< 
3 
ey 
2 


< oO 
oO 


NO 
2 — od 
oO) 

3 

> 


< 


Supply Voltage 
Indicated Supply Voltage VFELT 
Input Voltage 


Ta = 25°C 


:, Input/output 
Input Voltage Vo Ta=25 
SEGO ~ SEG! 
TO~ 7T11 
OUTO ~ OUT7 
Output terminal |SEGO ~ SEG11 
TO~ T11 
Per terminal 


Per pin 
“"H’’ Output Current 
(Indicated Output) 


* 


° 
3 
> 


yaad 

ie} 

ot 

= 
~ 
NO 
> 
> 


> 
QO 
® 
ot 
oO 
om 
Oo 
Cc 
ot 
no) 
c 
a 


HE 


N 
ro) 
3 

> 


iB oe Current loL P4 total 


P5 total 
Per package 





Power Dissipation ; : 
Per input/output terminal 





Storage Temperature Tstg —55 ~ +150 if 6: 


* When timing output is used as static output 


® Operating Conditions 








Parameter Limits Unit 
f (osc) S 1MHz V 
Indicated Supply Voltage VEU lL. V 
Memory Retension Voltage Oscillation off V 
Operating Temperature —_ —40 ~ +85 =G 
(Fan Out (Input/Output Port) pu ee eo ee = 
a a 
® DC Characteristics (Vpp = 5V +10%, Ta = —40 ~ #85°C) 

Parameter Terminal appliediSymbol| Conditions | Min._| Typ. | Max. | Unit 
(ae. ane | = 2 | = | vp | ov 
f= Sa) Nop 
veer ae ppg] Ye 9-8 v 
a a a ee ee 
| to=-15ua | 42 | - | - | v 
P10=-20ma Vrir36| - | — | V 
Pio=t6ma | | - | oa |v 
CPaP5 a 
“L” Output Voltage VOL 1O = 15uA —-— {= +28 V 
to=tma || - [14 |v 

ee ee 


0 
NO 


s 


P7(P73=0),P8 | ‘fA 


P7(P73=1) ae a 


DD 
m 
” 
m 
- 
= 
| 
< 
0 
0 
es 
>| > 


““H"’ Input Current 


er 
> 
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Parameter [Terminal anpliedSymboll Conditions | Min. | Typ. | Max. | Uni 
| | = | - [15 | wa 
a eae 
Tvo-oav | — [= [=12 | ma 
Current Consumption hee f =< ood Hz ponte] = Le | mA 
Current Consumption No load 
(When stop mode condition) Vpp = 2V Es] l}el= MA 
Ta= 25°C 
~ No load 
eer nner, | — | 2 | 100 | a 
7, Applied to PO, Pi, P2, PS, Pa, PS, PO 
*2. Applied to PO, P1, P2, P3, P4, P5, P6, OSCO, RESET 
*3. Applied to PO, P1, P3, P4, P5, P6é, OSC1 
® AC Characteristics (Vpp = 5V +10%, Ta = 40 ~ +85°C) 
Parameter [symbol [Conditions [Win | Typ._| Max. | Uni 
Clock (O.S.C 9) Pulse Width <a eae ee a ee ns 
Oyele Time Tey [=a as 
SE 
SR Clock. Pulse Width i a ae ee nS 
SR Clock Delay Time eee 360 ns 
Segment Output. ise Time | tring | VFlT=aov | — | - | 3_| as 
Segment Outus. Ree Time | eraus | Co= ter | = | = | 1 | as 


*1. When stop mode is to be released by ‘’L’’ level input from P20/INTO, it is necessary to keep the pulse 


width of more than oscillation stability time for OSCo. 


*2. This indicates when OSC, oscillation is stabilized. However, when stop mode is released by reset 


input, the pulse width of more than OSC, oscillation stability time as requested. 


*3. tSINH: When shift register commands LMSR during shift in operation, its inner part will not change 


if clock, which inputs PO1/SCK during tsynH period, changes. 
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STANDARD CHARACTERISTICS 


e “H’’ Output Current IoH — Output Voltage 
VOH Characteristics (Ta = 25°C) 


PO, P1, P3, P4, P5, P6 









“0:8 


et veone TT 
LON COT 
SCENE 
oe Re 
SERA 
LNA AE 
eo oSeR ALL 
Bees Sees 


9 10 
VOH (V) 














e “L’’ Output Current lo, — Output Voltage 
VoL Characteristics (Ta = 25°C) 
PO; P1,-P3; P6. 


loL (mA) 
IS 





Val i 
| cc 
7 4 
5 a 
VoL (V) 


e “L’’ Output Current lo, — Output Voltage 
VoL Characteristics (Ta = 25°) 


oN VDD = ae 


| 
7 
e/a ee 
| | ey | 


CECE 
| Zee 
| /ARREReeee 
Ata z ae 
sR aSe oe eee 





VOL (V) 


t ) ae 


e MSC6458 @ 


H’”’ Output Current Iop— Output Voltage 
VOH Characteristics (Ta = 25°C, VFLT = 40V) 
Segment Output 


PA 
Se aes aes Lala 
cas ae 
Re eae SRES 
SReCERaEES 
Paee eRe eee 
Sea cee See 
cee Rees eee 


38 36 37 38 39 40 
VOH (V) 


lOH (mA) 





“L” Output Current Iopj— Output Voltage 
VOL Characteristics (Ta = 25°C, VFLT = 40V) 
Timing Output 


See Vee eeee 
See EES 
een seeeee 
tel ale sca Mc leg I led 
BWM eee ated 
Lefede oe aleweee 
eee ee eee 
aaa 


35 =36 37 38 8639 —Ss 40 
VOH (V) 
“L' Qutput Current lo, — Output Current 
VoL Characteristics (Ta = 25°C, VFLT = 40V) 
Segment Output 





loL (mA) 


HEY 
HA tt 
LIES pee 





ai o 
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e “L” Output Current lo, — Output Current e Current Consumption Ipp — Supply Voltage Vpp 
VoL Characteristics (Ta = 25°C, VFLT = 40V) (Ta = 25°C, No load) 


Timing Output 


10 
Schnee ESE 
CEE ao 
VDD = 5V 
bees hee 
ae Aces 
aya 
Zee saree 
a eee 
ea 4a 

















lot (mA) 
(o>) 






ei ni 


Ipp (A) 


@ Maximum Clock Fregency f(osc) — Supply 
Voltage Vpp Characteristics 
(Ta= 25°C, CL = 15pF) 


A 
COO 
COCOA 

Cee 


f (osc) (MHz) 





Vpp (V) 
10 





@ Maximum Clock Frequency f(osc) — Ambient 
Temperature Ta (Vpp = 5V, CL. = 15pF) 













CASSEL CEE 
Seen “Skee 
See ieee ws 
Shee ees 
Rel eel lle tags 
Seesaw es 
Fedleet ere ial calecdecs 
Ree eee eee 


40 20 O 20 40 60 80100120 
Tal C) 


f (osc) (MHz) 
on 
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TIMING CHART 


OSC, 


OSC, 


PO, P1, P3, P4 
P5, P6, P7, P8 


OSC, 


PO, P1, P3 
P4, P5, P6 


SEGO 


SEG11 


TO 


711 


¢ MSC6458 e 


[np On J 


Output Data 


— 












~------—-+------ VFLT 
O.9VFLT 
0.1VFLT GND 
tTLHS tTHLS 
= OOVELT cree 
O.1VFLT GND 


'THLT 


tTLHT 
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P01/SCK | 
Now| sow 
Ria 
P03/S1 ( Input Data 
bE RRC 
Po2/S0 |X trout date XK ourpur Dat 
we) [se 
P20/INTO 
P22/INT1 
DWP? | towe2 
P10/CIN. 
P12/TCK 
a ae 
RESET 


tWRS 





LMSR Instruction 
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OKT semiconductor 
MSC6458VS 


MSC6458 PIGGY BACK 


GENERAL DESCRIPTION 


The MSC6458VS is a device whose built-in ROM is replaced by external EPROM using the piggy- 
back method. This device can be used for the evaluation of program. 


FEATURES 


@ Supply Voltage: 5V+5% @ Operating Temperature: 0 ~ 70°C 
@® Frequency: DC ~ 4.3MHz 
® 64 pin ceramic piggy back (ADIP64-C-750) 


ROM INSERTION 


Please refer to drawing below. 





PIN CONFIGURATION 


Pin Connection between MSC6458 VS and EPROM 


> 
_ 


— 
OnNWOO 


of MSC6458VS Saad 


2712822 
8 21 


O> 


5 
4 
3. 
2 
1 
O 
[@) 
1 
2 


lo~l 
MSC6458VS Q DAA 


Note: When inserting a 2764, 
pin 26 is not used. 
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OKI semiconductor 





MSM6502/651 2 


CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 





GENERAL DESCRIPTION 


The OKI MSM6502/651 2 is a low-power, high-performance 4 bit single-chip microcontroller im- 
plemented in complementary metal oxide semiconductor technology. 

Integrated within this one chip is a 108 (4X27) dot LCD Driver. Also integrated in this chip are 
16K bits of mask program ROM, 512 bits of data RAM, Input/Output lines, a programmable 


timer/counter, and oscillator. 


The advantages of the MSM6502/651 2 in comparison with the OLMS-40 Series include, among 
other features, a lower drive voltage, multiplexed interrupts, a larger number of drivable liquid crystal 


elements, a buzzer output, and larger memories. 


FEATURES 

@ ROM : 2000 x 8 bit 
@ RAM : 128 x 4bit 
@ Number of : 68 


Instructions 


@ Clock Oscillation : Crystal 32.768 kHz 

® Cycle Time : 91.5 us 

@ Timer Interrupt : Dual (16 & 128 Hz) 

@ |/O Ports : 4bit < 2 Port 

@ Input ports : 4bit < 1 Port 

@ LCD Drive : 108 (4x27) 
picture elements 

@® Buzzer : 2K/1K/512 Hz/Soft 

@ Interrupt : Three types 
(external, two timer 
types) 


FUNCTIONAL BLOCK DIAGRAM 


y| INT. TBF 
— 
=~ 
Pt} Lo | 


Pe a 
4 BIT 4 BIT 4 BIT TIMING GENERATOR 
2 


P23~0 Pls~o POs~o Bz/B2 OO R 4321 
SS EC 
CC $ TEST 
O1€ 

; 
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Stack : Nesting RAM stack 
pointer = 7 bits 


Power down : Halt mode available 

Operating power : 2.4V—3.6V 

supply voltage 

Consumption MSM6502 

current : 45uA (Typical) 

(Vpp=sV, 30,A (Halt mode) 
OSC = MSM6512 

32.768 kHz) : 30uA (Typical) 

12uA (Halt mode) 
Package: 


56(S) pin plastic QFP (QFP56-P-910-K) 


INSTRUC. PROGRAM 
DECODER leet 
PLA 2000 x8 BIT 


DATA MEMORY 
12 BIT RAM 128x4 BIT 


LCD /Driver 


COM1 ~4 SEGO~26 








LOGIC SYMBOL 


Crystal 
resonator 


connection ~~ 


Reset 


Interrupt 


Test pins | 


PIN DESCRIPTION 


Designation 


GND 


VoD 
OSCo 





OSC; 


PO, P1 


P2 


INT 


24 
21,49 
22 


23 


1to4 
5to8 


9to12 
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PIN CONFIGURATION (TOP VIEW) 


Port 0 
{input/output ports) 


Port 1 
(input/output ports) 


") 
Port 2 
; (input ports) 





) LCD 


common output 
a 


) 


LCD 
segment output 





=. ] Buzzer output 





Function 
Circuit GND potential 
Main power source 
Crystal OSC input, internal clock input 
Crystal OSC input, internal clock output 


Pseudo-bidirectional ports for 4-bits parallel |/O. To input data from these ports, 
it is necessary to write “1” beforehand. 

The port to be selected is specified by the L register. The register contents and 
the corresponding specified ports are listed below. 


Content of L register Port Specified 


0,8 
1,9 


2,0AH 
3,0BH 
4,0CH 
5 ODH 
6, 7, OEH, OFH No designation 





Note: P3, P4, P5 are internal ports. 
Input ports for 4-bit parallel input with no latching function. 


Input pin to request an interrupt from the external circuit. The input flag is set by 
the fall of the input signal. 
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Designation | PinNo. 

| 

LCD Drive Pins 

SEG 0 ~ 26 29 to 48 
50 to 56 

COM1 ~4 25 to 28 





- 


INSTRUCTION LIST 


Function 


The reset mode starts after “O” is input to the RESET pin for more than 2 
machine cycles. 
The reset signal has priority over all of other signals and performs the following 
operations automatically: 

(1) Resets all bits of the PC (Program counter) to “0”. 

(2) Sets all bits of the parallel 1/O ports (POO to P13) to “1”. 

(3) Resets the internal resister (H, L, ACC, C, P3, P4, P5). 

(4) Resets the skip flag. 

(5) Resets all bits of the time base counter (TBC). 

(6) Resets the interrupt request flag (IRQF). 

(7) Resets the interrupt enable flag (EIF). 

(8) Resets the master interrupt enable flag (MEIF). 

(9) Sets all bits of the stack pointer (SP) to “1”. 

(10) Initializes the segment and common outputs. 

(11) Sets all bits of the index register (IDR) to “1”. 


Since the RESET pin is pulled up toVpp by an internal resister (approx. 800 
kQ), itis possible to achieve power ON/reset by connecting it with an 
external capacitor. 


Aspecial AC waveform designed to comply with liquid crystal properties is 
required for liquid crystal drive purpose. The MSM6502 is equipped with a 

1/4 duty 1/3 bias liquid crystal drive circuit with four common output ports and 
27 segments to enable displays of 108 picture elements. On/off selection of 
picture element displays involves writing “O” or “1” in the corresponding bits in 
the RAM OOH to thru 1AH display area, and subsequent automatic hardware 
controlled display. The frame frequency is 64 Hz. 


BZ and BZ are used in the generation of alarms and other sounds. The 
selectable frequencies include three hardware frequencies (TBC output) 512, 
1024, and 2048 Hz, and a software type based on P50 data. These frequencies 
are selected at PS. 

When one of the hardware frequencies is selected by P3, output of that 
frequency is continuous. But selection of the software type results in output of 
P50 contents to generate a melody by program. 


a 


LHLI 


pes 
Von fe | = [anne 


poe [wD = 


Load LA 


LA 
LM 
LLA 
LH 


LMAD m7 
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ee 
pe Peet 
cee 1 M<HL> +Acc 
Cee aa 
ee ee 
pie m7 | 2 | 2 | wemr>— nee 


cE ch 


INSTRUCTION LIST (CONT.) 


CAM 
CPAL 


(o>) 
QO 


Grouping Code 
LMT 67 
: 
Load 
POP HL 
POP CA BF 
: 
Exchange 1C m7 
XHS SF 
INL 
Increment La 
and 
decrement 
DCA 
DCL 
DCM 
fas nfo 
peor | oe 
Kc a ne 
eo 
pec 


CAXL 
CAXH 


— 
O 


Din 


rs 
m 


— | =~ | = | OT —h fk fk 
Oo; atFrITO no | —- | Oo 


ae) 


Cycle 


1 


1 
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Function 


Acc -M<m7> 
M<HL+1><HL> —ROM<X> 
STACK — HL, SP — SP—2 
STACK —C, Acc, SP — SP—2 
HL — STACK, SP — SP+2 

C, Acc — STACK, SP — SP+2 
Acc -—M<HL> 

Acc --—M<m7> 

HL --— SP 

Acc Acc +1, Skip if Acc=0 
L -—L+1, Skip if L=0 


M<HL>—M<HL> +1, Skip if 
M<HL>=0 


X—-X+1 
Acc + Acc—1, Skip if Acc= F 
L-L—-1 SkipifL=F 


M<HL>-M<HL>-—1, Skip ifM<HL>= 
F 


X~—X-1 
C,Acc--C+Acc+M <HL >, Adjust if C=0 


C,Acc+--C+Acc+(M <HL > +6), Adjust if 
C=0 


Acc «- Acc+M <HL>, Skip if Cy=1 
C,Acc —C+Acc+M <HL > Skip if C=1 
Acc-—Acc-+n, Skip if Cy=1 

Acc — Acc 

Acc ~ Acc¥M<HL> 

Acc —AccAM<HL> 

Acc ~ AccVM<HL> 

Skip if Acc =M<HL> 

Skip if Acc =L 

Skip if Acc = XL 

Skip if Acc = XH 

C—"4” 

C —“0” 

Skip if C= “1” 
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INSTRUCTION LIST (CONT.) 


7—— AcC— 
Operation 
7—— Acc— 
sma_n2 | so-so | 1 | 1 | mcm>oitma—" 
50 53 : iT 3 ” 
® 54 57 4 it} ” 
Operation 
npB na | 24 ~27 Pbitn2 "0" 
TMB n2 38 ~ 3B Skip if M<HL> bitn2 = “1” 
58 5B . H H 664 
TMBD m7,n2 ag ee Skip if M<m7> bitn2 =“1 
TPB n2 28 ~ 2B Skip if P bitn2 = “1” 
TAB n2 2C ~ 2F Skip if Acc bit n2 = “1” 
TIRB) n2 49 ~4B if IRQF bit n2=“1” Skip & IRQF bit n2 — “0” 
Interrupt 
CAL ait A000 ~A7CF aes STACK+-PC+2, SP—SP-3, PC10~ o+-al 
Branch JCP a6 CO~FF a ae PCs ~ 0~a6 


190 





© MSM6502/6512 @ 


ELECTRICAL CHARACTERISTIC 
ABSOLUTE MAXIMUM RATING 


Input Voltage Foy Ta = 25°C -0.3 ~Vpp V 
Output Voltage | vo —0.3~Vpp V 
0 


Vpp 
V\ 
Vo 
Le icy set Ta=25°C 


OPERATING RANGE 






Parameter 


(ose) 82.768 Khe 
oe 







Power Supply Voltage 






Operating Temperature 
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D.C. CHARACTERISTICS 
(Vpp = 3V, Ta =—20 ~ +70°C) 


<= —1. 2.0 
O=!. 


MAX Unit 


“H” Input Voltage V 
“L” Input Voltage V 
“H” Output 

Voltage(1) lo =-1.0mA V 


= 
oF 
Ve 
LCD Drive Ip =+0.5 nA 


Output Voltage(3) 
Input Current(4) Vi =Vpp/V| =OV 


Input Current(5) lL |} Vi =Vpp/V| =OV 
Input Current(6) hH/e =| Vi=Vpp/V) =OV 


PO, P1 


f(osc) = 32.768 kHz 
at no load 


.é¥) 
oO 
< 


_ 
10) 
NO 
NO 
< 








A 
1/—10 LA 


1000/—1 pA 
1/—40 A 


pA 









pA 


on 
oa 


— —_ Ww [é) - 
S)) N oO oO or 
_ N Ae S 4 : : 
On. oO oO nN NO ? 
< 


a 
oO 


Current 
Consumption 


f(osc) = 32.768 kHz 


pA 
at HLT execution 


25 


25 
Statis 


Oscillation Start 
Time TOSC 


= 
> 


5 


— 
Oo 


SEC 
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(1) Applied to BZ, BZ 
(2) Applied to BZ, BZ, PO, P1 
(3) Applied to COMMON, SEGMENT 





(4) Applied to RESET, INT 
(5) Applied to P2 (When input is unable) 
(6) Applied to P2 (When input is able) 


SWITCHING CHARACTERISTIC 
(Vpp = 38V, Ta =—20 ~ +70°C) 


PO 
P1 Data Valid Time tov (2) uS 
P2 
PO 
P1 Data Invalid Time toiv (3) uS 
P2 

fee [ase [=e 


a Data Delay Time CL =50 pF uS 


(1) toy =3 x 1/f(osc) 

(2) toy =1/2 x 1/f(osc) 

(3) tpiy =1 < 1/flosc) + 10uS 

(4) tops =5/2 x 1/flosc) + 15uS 


1MC tcy 


OSCo 
tow 
PO 
P1 Input mode INVALID VALID INVALID 
: 2 oe 
PO 
p ; Output Mode OLD DATA NEW DATA 
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TYPICAL PERFORMANCE CURVES for MSM6502 


High-level Output Current (IoH) Low-level Output Current (Io) 
— Output Voltage (VoH) — Output Voltage (Vo _) 


(Vpp =SV, Ta= 25°C) (Vpp= 38V, Ta= 25°C) 


nae eee 
“j Ht eee 






































/| (COMMON, SEGMENT terminal) 


es ene som 2s pf 
g “Lfezazennal [TTT] 2: a a 
= 2 2n eee ee Sy 4 
7 at ae se 3 mes __|(PO, P1 terminal) - 
BZ, BZ terminal 
“atl erie || een 
je  eosrrieminanl [LL GbuON SEGHENT ema — 
01 2 3 4 5 6 7 8 9 10 ioe 6 ee ee O40 
Vou (V) VoL(V) 
Middle-level Output Current (11, 12) Current Consumption (Ipp) 
— Output Voltage (V1, V2) — Power Supply Voltage (Vpp) 
7 (Vpp= 3V, Ta= 25°C) on (Ta= 25°C, No load) | 
eae ee a | 
20 
ae 
soe ee alc) 
Ati 
3 Oe 


E 


10 


O01 2 3 4 5 6 7 8 9 10 Janae Reee 


“ PEEP 
500n 


100n 


Ipp (A) 





0 1 2 3 4 5 6 7 8 9 10 


Vpp (V) 
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TYPICAL PERFORMANCE CURVES for MSM6512 


lon (mA) 


1s, lo (A) 


High-level Output Current (IoH) 
— Output Voltage (VoH) 


(Vpp =3V, Ta= 25°C) 













rate 

PROTEC 

ce tee eee 

ESN ie ee eae 

CEL Yori | [~ 

23 4 5 6 7 8 9 10 
Vou (V) 


Middle-level Output Current (11, 12) 
— Output Voltage (V1, V2) 


(Vpp= 3V, Ta= 25°C) 





V1, V2(V) 


loi (mA) 


Ipp (A) 


Low-level Output Current (Io ) 
— Output Voltage (Vo) 


(Vpp= 3V, Ta= 25°C) 











Becca eeS 
See eae ead 
fj iro.prterminan | || 

+ (BZ, BZ terminal) Pes 
Vi rit ttPE Pre 
Ae 
of es 


—_ 3 4 5 6 7 8 9g 10 
VoL(V) 


Current Consumption (Ipp) 
— Power Supply Voltage (Vpp) 


(Ta= 25°C, Noload) 











pes pre 32,768 KHz 


Het 


) 
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OLMS-62K SERIES 
(OKI ORIGINAL) 





OKI semiconductor 
MSC62408B/62G408B 


BI-CMOS SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER 


GENERAL DESCRIPTION 





The MSC62408B is a high-speed, high-performance 8-bit single-chip microcontroller with built-in FLT 


controllers/drivers which is manufactured by the silicon gate Bi-CMOS process. Using the processing capac- 
ity of a large capacity ROM, RAM, FLT controllers/drivers, remote control receiving circuit, and 8-bit CPU, the 
MSC62408B may be widely used in audio apparatuses such as CD, and a MSC62G408B, in which the 

MSC62408B built-in program memory is replaced with an external ROM ein: a piggy-back package, can be 
used for program evaluation. 


FEATURES 


ROM : 15360 x 8 bits 

RAM : 384 x 8 bits 

(display RAM included) 

Ports : 24 two-way 1|/O ports 

9 input ports 

(2 ports serving as interrupt inputs) 
8 output ports 

(serving as FLT segment outputs) 
FLT controllers/drivers (automatic display and 
dimmer functions) : 

24 segment outputs 

8 segment outputs 

8 timing outputs 

Remote control receiving circuit 


Counters : 

12-bit time base counter (free running) 
16-bit auto-reload timer event counter 
8-bit auto-reload timer event counter 
8-bit shift register 

Interrupts : 7 lines (5 internal, 2 external) 
Cycle time : 928 ns, (4.3 MHz clock) 
Number of instructions : 251 

Many addressing modes 

Standby function 

Perfectly static operation 

Package : 

80pin plastic QFP (MSC62408B) 
(QFP80-P-1420-VIK) 

80pin ceramic piggyback (MSC62G408B) 
(QFP type) 
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PIN CONFIGURATION 


MSC62408B (TOP VIEW) 
80 Lead Plastic QFP 


P1Q/INT1 — 
RESET — 
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FLT CONTROLLER/DRIVER 


DISPLAY A ° 


RAM Wy 
64x8 
16bit TIMER 


165) —- SEG13 


[48] —~ T1IS/SEG24 
140) —= TI4/SEG25 
148} = T13/SEG26 
146) —> T12/SEG27 
[44] —= T11/SEG28 
[43] —> TIO/SEG29 
142} —» T9/SEG30 

[41] —> T8/SEG31 


8bit TIMER 


MSC62G408B (TOP VIEW) 





80 Lead Ceramic Piggy Back Package 


PO4/CIN ~~ Lis] O NC 
POS/TMO > (35) 
POB/TCK «> Gag] OA11 
PO7/AMC += Liz] 
P10/INTO —> (i! 
P1i2/INT1 —~ 09} O ag 


000000 0 
A13 A14VCC NC VPPA12 A7 


CONTROL 
SIGNALS 


[45] —~ T12/SEG27 
144] —> T11/SEG28 
[43] —~ T10/SEG29 
142} = TS/SEG30 
[41] —~ T8/SEG31 


TIMING 
& 
CONTROL 





PIN DESCRIPTION 


Terminal 


POO 
P01/SCK 
P02/SO 
PO3/SI_ 
PO4/CIN_ 
P05/TMO 
PO6/TCK 
P07/RMG 


P10/INTO 
P12/INT1 


P20 ~ P27 
P30 ~ P37 


P40 ~ P43 
P44 ~ P46 


SEGO/P50 
~ SEG7/P57 


SEG8 
~ SEG23 


T8/SEG31 
~ T15/SEG24 


TO ~ T7 
OSCO 


OSC1 


RESET 
VELT 
VoD 
GND 


Input/Output 
Input/Output 


Input 


Input/Output 
Input/Output 


Output 


Output 
Output 
Input 


Output 


@ MSC62408B/62G408B e 


Function 


1/O port 

i/O port (also used as serial clock input output) 
I/O port (also used as serial data output) 

I/O port (also serial data input) 

I/O port (also used as count input) 

I/O port (also used as timer output) 

1/O port (also used timer clock input) 

I/O port (also used remort control input) 


Input port with pull up register 
(also used external interrupt input) 


V/O port 
/O port 


Input port with pull down register 
(Pull down register can be removed by instruction) 


FLT segment driver/Port output 
FLT segment driver 


FLT segment driver/Timing output 
Timing space output 


Crystal ceramic connection terminal for system clock oscilla- 
tion 


Crystal ceramic connection terminal for system clock oscilla- 
tion 


System reset input 

Power supply for FLT driving 
System Power Supply (5V) 
System Power Supply (OV) 


@ MSC62408B/62G408B e 
REGISTER DIAGRAM 





bit7 6 5 4 3 2 1 0 


ACCUMLATOR (AR, Ae 


S1} SO} MB {MIE} P !HC: ZF : CY} CONDITION CODE REGISTER 


CY : CARRY FLAG 
ZF : ZEROFLAG 
HC : HALF CARRY FLAG 
P : PARITY FLAG 
: MASTER INTERRUPT ENABLE FLAG 
MB : MEMORY BANK SELECT FLAG 
SO : LOCAL REGISTER SET SELECT FLAGO 
Si : LOCAL REGISTER SET SELECT FLAG! 





MEMORY MAP 
DATA MEMORY 


0 


DATA/STACK 
DISPLAY RAM 
LOCAL REGISTER SET (RSO~RS3) 


1 


{ 1 
oO wa 
mo 
oo 
an eo 


1 
|. DATA POINTER FOR PROGRAM 
MEMORY & 16 BIT DATA REGISTER 


: DATA REGISTER 

: LOOP COUNTER & 
DATA REGISTER 

: DATA POINTER FOR 
DATA MEMORY & 
GENERAL REGISTATION 
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A.C.CHARACTERISTICS 
(VDD = 5V+ 10%, Ta = 0 to +70°C) 


PROGRAM DATA 


-- INTERRUPT VECTOR TABLE 
-- VECTOR CALL TABLE 
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OKI semiconductor 


MSM62720 


CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 2K BYTES E?PROM 


GENERAL DESCRIPTION 


The MSM62720 is a CMOS single-chip microcontroller with on-board 2K BYTE E?PROM for applications 


such as IC-cards, etc. 


The powerful instruction set consists of 100 instructions including special instructions for IC cards, exe- 
cuted by the 8-bit CPU in 800ns at 5.0MHz clock frequency. 

The MSM62720 has improved hardware and software for security. Consequently, this chip suits applica- 
tion such as IC cards of low cost, high security and high reliability. 


FEATURES 


Single chip, low power CMOS 

8-Bit Microcontroller 

3K Bytes program ROM 

1K Bytes control ROM 

2K Bytes E7PROM 

128 Byte data RAM 

Instruction cycle : 800ns @ 5MHz 
Number of instructions : 100 

Operation current : 4mA typ. 
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Operating range : 0 to 70 °C 
Number of pads : 5 
Supply voltage : +5V +10% 


Small Die size 

Simplified E7P ROM write/erase operation by 
using control ROM 

Various security measures, such as memory data 
protection, countermeasures against CPU’s 
runaway etc. 

Built-in error correction circuit (ECC) 


@ MSM62720 e 





FUNCTIONAL BLOCK DIAGRAM 





A : Accumulator H : Half carry flag 
ALU -: Arithmetic circuit (for decimal operations) 
B : B register (auxiliary register) P : Parity flag 
BA : Bregister paired with accumulator PC : Program counter 

(B register higher rank) RAM : Data memory 
Cc : Carry flag RES : Reset input pin 
CCR : Condition code register SIO : Serial input/output pin 
CLK : Clock input pin SP : Stack pointer 
D : D register (data pointer) T/C : Timing and control circuit 
EEPROM : Rewritable read-only memory Vcc : Power supply pin (5V) 
GND : Power supply pin (OV) Z : Zero flag 


* 


EEPROM is not used as instruction area. 


PIN DESCRIPTION 


Description Input/Output Function 


SlO Input/Output Serial data input/output port. Quasi bidirectional I/O port. 
Set "1" level after "Reset". (Pulled up to Vcc by an internal 
(Approx. 10KQ) Resister. 


Vcc Main power source 

GND | Circuit GND potential 

RES Input Rest input pin is pulled up to Vcc by an internal (Approx. 
1.5KQ) resister. 

CLK Input Clock input pin is pulled up to Vcc by an internal (Approx. 


1.5KQ) resister. 
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REGISTER DIAGRAM 


Accumulator 


B-register 


CCR 
D-register 
Stack pointer (SP) 


Program Counter (PC) 





MEMORY MAP 


R7~R4 : Registers which are concerned : Empty area 
with DJNZ instruction C-ROM : Control ROM 
R7~RO : Local registers ZP : Zero page adress called 
by CZP instruction 


(a) RAM map (c) ROM map (b) EZPROM map 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING CONDITIONS 


Supply Voltage 4.5 to 5.5 V 
Operating Temperature 0 to +70 °C 


E2PROM 
Data Hold Temperature TEEH 0 to +70 °C 


D.C. CHARACTERISTICS 
(Voc = 5V +10%, 0 to +70°C) 


ite a a 
Low Input Voltage | RES VIL f03| - | 068 | V 
[03] - | 08 | 
rea | = | vonos 
High Input Voltage | RES | VIH 4 | — | Vecs0.3 | v 
am rao = [eos 


ret Cur (ic EH | wt | Weeavicssy [= [=] 0 
ws | vonsav.vnoov |= | - | 0 
we | veosav.vnooy |=] - | a 


Notes: =CLK, RES has poll down resistance, and SIO has pull up resistance. 


SIS) 1/5/15), <|< 
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A.C. CHARACTERISTICS 
(VDD = 5V +10%, Ta = 0 to +70°C) 


CLK Cycle Time | teyc | 20 | - | - | os 
CLK Cycle High Width | TCH | o4tcyc | - | osttcyc | ns 


Us 
SIO INPUT Rise Time | msm | - | - | 50 | os 
SIO INPUT Fall Time | tse | - | - | 50 | os 
SIO OUTPUT Rise Time | tsor | - | - | 10 | ps 
SIO OUTPUT Fall Time | TsoF | = - | - | 10 | os 
Note: = at output load capacitance Co = 30pF 

TIMING CHARTS 


TCYC 
TCL 


24V 2.4V 


0.5V 0.5V 
TCH 


TSOF TSOR 


SIO INPUT WAVE SIO OUTPUT WAVE 
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OKI semiconductor 


MSM62780 


CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 8K BYTES E?PROM 


GENERAL DESCRIPTION 


The MSM62780 is a CMOS single-chip microcontroller with on-board 8K BYTE E2PROM for applications 


such as |C-cards, etc. 


The powerful instruction set consists of 114 instructions including special instructions for IC cards, exe- 
cuted by the 8-bit CPU in 800ns at 5.0MHz clock frequency. 

The MSM62780 has improved hardware and software for security. Consequently, this chip suits applica- 
tion such as IC cards of low cost, high security and high reliability. 


FEATURES 

@ Single chip, low power CMOS 

@ 8-Bit Microcontroller 

@ 6K Bytes program ROM 

@ 2K Bytes control ROM 

@ 8K Bytes E7PROM 

@ 192 Byte data RAM 

@ Instruction cycle : 800ns @ 5MHz 
@ Number of instructions : 114 

@ Operation current : 8mA typ. 
@ Operating range: 0 to 70 °C 


Number of pads : 5 

Supply voltage : +5V +10% 

Small Die size 

Simplified E7P ROM write/erase operation by 
using control ROM 

Various security measures, such as memory data 
protection, countermeasures against CPU’s 
runaway etc. 

Built-in 32 bytes E7PROM paga write mode 
Built-in error correction circuit (ECC) 
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FUNCTIONAL BLOCK DIAGRAM 


E* PROM* 
8k x8 


A : Accumulator H : Half carry flag 
ALU : Arithmetic circuit (for decimal operations) 
B : B register (auxiliary register) P : Parity flag 
BA : Bregister paired with accumulator PC : Program counter 

(B register higher rank) RAM : Data memory 
Cc : Carry flag | RES : Reset input pin 
CCR : Condition code register SlO : Serial input/output pin 
CLK : Clock input pin SP : Stack pointer 
D : D register (data pointer) T/C : Timing and control circuit 
EEPROM : Rewritable read-only memory Vcc : Power supply pin (5V) 
GND : Power supply pin (OV) Z : Zero flag 





* 


EEPROM is not used as instruction area. 


PIN DESCRIPTION 


Description Input/Output Function 


SlO Input/Output Serial data input/output port. Quasi bidirectional I/O port. 
Set "1" level after "Reset". (Pulled up to Vcc by an internal 
(Approx. 10KQ) Resister. 


Vec Main power source 

GND Circuit GND potential 

RES Input Rest input pin is pulled up to Vcc by an internal (Approx. 
1.5KQ) resister. 

CLK Input Clock input pin is pulled up to Vec by an internal (Approx. 


1.5KQ) resister. 
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REGISTER DIAGRAM 


MEMORY MAP 


Registers which are concerned 
with DJNZ instruction 


Local registers 


et 
0 
[2] 
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Accumulator 


B-register 


CCR 


D-register 


Stack pointer (SP) 


Program Counter (PC) 


Empty area 

Control ROM 

Zero page adress called 
by CZP instruction 


(a) RAM map (c) ROM map (b) EZ-PROM map 


Note : Local register's address will be change by RS bit. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING CONDITIONS 


Supply Voltage 4.5 to 5.5 V 
Operating Temperature 0 to +70 °C 


E2PROM 
Data Hold Temperature TEEH 0 to +70 °C 


D.C. CHARACTERISTICS 
(Vcc = 5V +10%, 0 to +70°C) 


jos] - | 05 
Low Input Voltage | RES | VIL 03} - | o6 | 

| SiO jos| - | 08 | 

[ea [= | veoros 
High Input Voltage | RES | VIH | 4 | — | Veo+03 | V 

— p20 | — | vooos 


a a 
Se a SD De 
Veo=5.5V,Vieo.ov | - | - | A 


Notes: = CLK, RES has poll down resistance, and SIO has pull up resistance. 


BIS IS|ElEl</< 
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A.C. CHARACTERISTICS 
(VDD = 5V +10%, Ta = 0 to +70°C) 


CLK Cycle Width oatcyc | - | ostcyc | ns 


CLK Cycle High Width | TCH | o4tcyc | - | ostcyc | ns 
SIO INPUT Rise Time | tm |  - |  - | 50 | us 
SIO INPUT Fall Time | tsrF | - |  - | 50 | os 
SIO OUTPUT Rise Time | tson | - =| =| 
SIO OUTPUT Fall Time | tsor |  - | - | 10 | os 
Note: =at output load capacitance Co = 30pF 

TIMING CHARTS 


0.5V 0.5V 


TSIF TSIR TSOF TSOR 


SIO INPUT WAVE SIO OUTPUT WAVE 
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OLMS-65K SERIES 
(OKI ORIGINAL) 


OKI semiconductor 


MSM65511 





OKI ORIGINAL HIGH PERFORMANCE CMOS 8BIT SINGLE CHIP 


MICROCONTROLLER 





GENERAL DESCRIPTION 


MSM65511 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50 
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65511 is 
capable of high-speed processing, and includes 4 Kbytes of program memory, 128 bytes of data 


memory, timers and serial ports on chip. 


Program and system evaluation can be performed using the MSM65P512, which as a version of the 
MSM65512 that replaces program memory with one-time PROM. The MSM65512 shares upward 


compatibility with the MSM65511. 


OPERATING RANGE 


@ Operating Frequency DC ~ 10 MHz 
e@ Operating Voltage 45~5.5V 
@ Operating Temperature : -40~85°C 


FEATURES 
@ MemorySpace : 64 Kbytes 


On-Chip Program Memory : 4Kbytes 
On-Chip Data Memory : 128 bytes 


@® Minimum Instruction Execution Cycle: 
400nS @ 10 MHz 


@ Powerful instruction set: 


81 basic instructions 

8/16-bit operation instructions 
Bit manipulation instructions 
Compound function instructions 


@ Abundant addressing modes 


@ /Oports: 8-bitx4 


Timers 
8-bit auto-reload timer x 2 
Watchdog timer x 1 


Counters 
Time base counter x 1 


Serial ports 

Shift register x 1 
External interrupts: 2 
Interrupt factors: 6 


Package: 
40 pin plastic DIP (DIP40-P-600) 
44 pin plastic QFP (T.B.D) 
44 pin PLCC (QFJ44-P-S650) 


* Specifications are subject to change without notice. 
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PIN CONFIGURATION 


40-Pin Plastic DIP 
(Top View) 


P3.5/SFTO | 6 | 


P3.7SFTCK | 8 | 


P2.3ANTI/GATE | 13 | 
P2.4/T0CK | 14) 
P2.S/HSTOP |15 | 


; L-BUS 
aS controt 


TOCK* ; 
8bit AR-TM 
T10UT* C 
GATE* 
RAM 
(128 bytes) 


SFTO* 8bit SHIFT - REG 
SFTCK DEC. 


TRX TIMING 


ROM 


(4K bytes) G-BUS CONTROL " 
INTERRUPT eo’ eV oni 
IS, AB~AIS* 


—— Fe” 
oA 


TIME BASE nee ab 
COUNTER TIMER 


* Secondary function of port 
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PIN DESCRIPTIONS 


supply | ono |_| ovaroune 
System clock input pin. Quartz oscillator or ceramic oscillator 
Oscilla- OSCO Input | is connected between OSCO and OSC1. For external clock, 
, input at OSCO, leaving OSC1 open. 
tion 
OSC1 System clock output pin 
Control Program memory select input pin. 


“L” level input for external program memory; “H” level input 
for internal program memory. 


RESET Input System reset input (program starts from address 00404); 
internal pull-up resistance 
“EA Input 
‘RD 


Output | Read strobe signal during external memory access 
ALE Output | Address latch signal during external memory access 


8-bit I/O port 

PORT 0 /O During external memory access, becomes address/data bus for 
address output, instruction fetch or data read/write along 
with ALE, RD and WR pins 

Port PORT 1 /O 8-bit I/O port 

Address bus during external memory access 

PORT 2 /O 8-bit I/O port x2. Secondary functions shown in following 

PORT 3 table are added for ports 2 and 3. 


PIN SECONDARY FUNCTIONS 


Pin Name /O Description 
INTO Input | P2.2 secondary function. 
External interrupt 0 input pin. 
INT1/GATE Input | P2.3 secondary functions. 
External interrupt 1 input pin. Also used as input pin for gate signal 
for timer 0 count enable /disable. 
Input | P2.4 secondary function 
Timer 0 external clock input pin. 





HSTOP Input | P2.5 secondary function. 
Hard stop mode input pin; stops system clock oscillation with “L” 
level input. 
WR Output | P2.6 secondary function. 


= 
Oo 
M 
~ 


Write strobe signal output pin during external data memory access. 


TIOUT Output | P2.7 secondary function. 
Output pin for signal that 2-divided timer 1 overflow. 


SFTO Output | P3.5 secondary function. 
Shift register data output pin. 


SFTI Input | P3.6 secondary function. 
Shift register data input signal. 
SFTCK /O P3.7 secondary function. 


Shift register synchronizing clock input/output signal. 
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REGISTERS 


e Operation Registers 





(Accumulator) 
(BR) 


* For 16-bit operation instruction, A register holds low byte 


data and the B register holds high byte data. 


e Special Purpose Registers 


(SP) 

Program status Rs}, RSO ,LMP, Mi, P _H ZC 

word 

(PSW) Carry flag 
Zero flag 
Half-carry flag 
Parity flag 


Master interrupt enable flag 
Do not write “1” here 
Register set select flag 
, Register set select flag 
Program counter 15 0 
(PC) 


LOCAL REGISTERS 





*1 4banks of local registers are mapped in local memory space data memory. 
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1. 
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MEMORY MAPS 


Local Memory Space 


pom 
a 


OFFH 






80H 


40H 
30H 
20H 





10H 


OFFFFH 


1000H 


100H 
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General Memory Space 


External Memory 


Program Memory 


Vector Call Table Area Internal 


Memory 
80H 


Program Memory 


40H 


Interrupt Vector Table Area 


Vector Call Table Area 
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SFR TABLE 
2 oc 
R/W 
0ED 00H 
z | [a 
OEA Port 2 mode register 3FH 
OES Port 2 direction register OOH 





OE8 Port 2 data register 


0 

NO 

oO 
>AC 
53°23 
Qa 
ao 





OE5 Port 1 direction register P1DIR OOH 


OE4 Port 1 data register P1D Unde- 


_ 
2 
o 
po 





OE3 Port 0 direction register PODIR OOH 


Unde- 
OE2 | Port 0 data register | Po rile 
OE1 | Shift register SFTR oS 
OE0 Shift register control register SFTCON OEOH 


ODF Timer 1 register TOIR Poti | fined 
ODE Timer 0 register | tor | | anee 
ODD Timer 1 counter TOIC ewe qed 
ODC Timer 0 counter age fined 
ODA Timer 0 control register | tocon | | OEOH 
0D9 Time base counter control register | Tecon | OEOH 
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ADDRESSING MODES 


MSM65511 has 256 bytes of local memory space and 8 Kbytes of general memory space. A variety 
of addressing modes are available for accessing these spaces. 


1. Register Direct Addressing 


@ A, B, SP. PSW 
e@ BA 


Example 











DAA A 


|_______, Wry rey 


2. Local Register Direct Addressing 


@e Rn (n = 0~15) 
@ ERn (n=0, 1) 


Example 





Local Registers 
R3 


a ee 
Yl 
a ee, 


3. Local Memory Direct Addressing 


@ \adrs 


Example 





Local Memory 


4. General Memory Direct Addressing 


@® adrs 


Example 





General Memory 
LG 
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5. Local Memory - Register Indirect Addressing 
e [Rn] (n= 0, 1, 8, 9) 


Example 







A, Local Memory 


= 


6. General Memory - Register Indirect Addressing 


e@ [ERn] (n =0, 1) 
e [BA] 


Example 


LG A, [ERO] General Memory 


ae} LL 


7. Local Memory Index Addressing 


@ disp [Rn] (n= 1,9) 


Example 


Local Memory 


8. General Memory Index Addressing 


@ disp [ER1] 


Example 


General Memory 
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9. Immediate Addressing 


@ #n 


Example 





10. PC Relative Addressing 


® adrs 


Example 


JZ 


INSTRUCTION TABLES 


® Data Transfer Instructions 


Mnemonic Function 


Local memory load 


General memory load 


Store into local memory 

Store into general memory 
Immediate data transfer to PSW 
Data transfer 

General memory data transfer 
16-bit data transfer 

Carry and parity exchange 

Data exchange 





Upper nibble and lower nibble swap 
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® Increment and Decrement 


Mnemonic Function 


Data increment 
General memory increment 


16-bit data increment 

Data decrement 

General memory decrement 
16-bit data decrement 





e Arithmetic Operations 


Minemonic Function 


ADD obj1, Data add 

ADDW obj1, 16-bit data add 

ADC obj1, Data add with carry 

ADCG obj1, General memory data add with carry 
SUB obj1, Data subtract 

SUBW obj1, 16-bit data subtract 

SBC obj1, Data subtract with carry 

SBCG obj1, General memory data subtract with carry 





® Comparisons 


Minemonic Function 


CMP obj1, obj2 
obj1, obj2 





Data compare 






16-bit data compare 


® Logical Operations 


Mnemonic Function 


PSW, #n PSW and immediate data logical AND 
obj1, obj2 Data logical AND 

PSW, #n PSW and immediate data logical OR 
obj1, obj2 Data logical OR 

obj1, obj2 Data exclusive OR 


Bit set 


PSW bit set 

Bit reset 

PSW bit reset 

Carry complement 

Bit transfer to carry 
Bit transfer from carry 
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® Rotate and Shift 


Mnemonic Function 


Rotate left 


Rotate right 
Shift left 
Shift right 





® Decimal Adjust 


Mnemonic Function 


Decimal adjust after add 





Decimal adjust after subtract 


® Conditional Jumps 


Mnemonic Function 


adrs Jump if zero flag is set 

adrs Jump if zero flag is not set 

adrs Jump if carry is set 

adrs Jump if carry is not set 

Rn, adrs Decrement register, and jump if zero 

Rn, adrs Decrement register, and jump if not zero 


obj. n, adrs 
obj.n, adrs 

obj. n, adrs 

C, P, adrs 

C, P, adrs 

obj1, obj2, adrs 
obj1, obj2, adrs 
obj1, obj2, adrs 


obj1, obj2, adrs 





Jump if bit is set 

Jump, if bit is reset 

Jump and clear bit if bit is set 

Compare carry and parity; jump if equal 

Compare carry and parity; jump if not equal 

Compare; jump if equal 

Compare; jump if not equal 

Compare with general memory data; 
jump if equal 

Compare with general memory data; 
jump if not equal 


Jump 


Short jump 


Indirect jump 
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@ Subroutines 


Data push 

Data pop 

Subroutine call 

Call subroutine if zero flag is set 


Call subroutine if carry flag is set 


Vector call 

Vector call if zero flag Is set 

Vector call if carry flag Is set 

Return from subroutine 

Return from subroutine if zero flag is set 





Return from subroutine if carry flag Is set 


@ Other Instructions 


Mnemonic Function 


Clear 
16-bit data clear 
Data complement 


16-bit data complement 
No operation 
Parity check 





Program execution delay 
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OKI semiconductor 


MSM65512/65P512 





OKI ORIGINAL HIGH PERFORMANCE CMOS 8BIT SINGLE CHIP 


MICROCONTROLLER 


GENERAL DESCRIPTION 


MSM65512 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50 
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65512 is 
capable of high-speed processing, and includes 8 Kbytes of program memory, 256 bytes of data 
memory, timers and serial ports on chip. Also available is the MSM65P512, which replaces the on- 


chip program memory with one-time PROM. 


OPERATING RANGE 


@ Operating Frequency DC ~ 10 MHz 

@ Operating Voltage 45~5.5V 

@ Operating Temperature -40 ~ 85°C (MSM65512) 
FEATURES 

@ MemorySpace : 64 Kbytes Counters 


On-Chip Program Memory : 8 Kbytes 
On-Chip Data Memory 256 bytes 


@ Minimum Instruction Execution Cycle: 
400nS @ 10 MHz 


@ Powerful instruction set: 


83 basic instructions 

8/16-bit operation instructions 
Bit manipulation instructions 
Compound function instructions 


@ Abundant addressing modes 


@ Multiplication/division operation functions 
16 — 8x8 
16 — 16/8, 8<—16mod 8 


e \WOports: 8-bitx4 


@ Timers 
8-bit auto-reload timer x 2 
16-bit auto-reload timer x 1 
Watchdog timer x 1 


Time base counter x 1 
16-bit free-running counter x 1 


Capture input: 1 channel 
Compare output: 2 channels 
Serial ports 

Shift register x 1 


Serial port with baud rate generator 
(UART/synchronous) x 1 


External interrupts: 3 
Interrupt factors: 15 


Package: 
40 pin plastic DIP (DIP40-P-600) 
44 pin plastic QFP (T.B.D) 
44 pin PLCC (QFJ44-P-S650) 
64 pin plastic QFP (T.B.D) 


* Specifications are subject to change without notice. 
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PIN CONFIGURATION 


40-Pin Plastic DIP 
(Top View) 


P3.0/T2CK 
P3.1/CAP 
P3.2/CMPO 
P3.3/CMP1 
P3.4ANT2 
P3.S/SFTO 
P3.6/SFTI 
P3.7/SFTCK 


P2.4/TOCK 
P2.5/HSTOP 
P2.6WR 
P2.7/T10UT 
osc 





FUNCTIONAL BLOCK DIAGRAM 


L-BUS 
Bits 
Bbit AR-TM W—— —V}_conTRot 
x2 
Bbit SHIFT - REG 
(256 bytes) 
| Pe KY 
| iwrerturt Ke 
16bit AR-TM 
DEC. 
16bit FREE-RUN ‘ : 
ROM 
Bbit AR-TM (8K bytes) G-BUS CONTROL 


=e A8~A15* 


Tl WATCH 
ME BASE DOG 
P p P 
0 1 3 


* Secondary function of port 
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PIN DESCRIPTIONS 


Power | vo | | +5 V power supply 


System clock input pin. Quartz oscillator or ceramic oscillator 
Oscilla- OSCcO Input | is connected between OSCO and OSC1. For external clock, 
tion input at OSCO, leaving OSC1 open. 
OSC1 System clock output pin 


RESET Input | System reset input (program starts from address 0040H); 
internal pull-up resistance 
Control 3 
oe Program memory select input pin. 
EA Input “L” level input for external program memory; “H” level input 
for internal program memory. 


| wD Output | Read strobe signal during external memory access 
Output | Address latch signal during external memory access 


8-bit I/O port 

PORT 0 VO During external memory access, becomes address/data bus for 
address output, instruction fetch or data read/write along 
with ALE, RD and WR pins 


PORT 1 VO {| 8-bit I/O port 
Address bus during external memory access 


Port PORT 2 
8-bit I/O port x 2. Secondary functions shown in following 
PORT 3 VO | table are added for ports 2 and 3. 
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PIN SECONDARY FUNCTIONS 


Pin Name 


RXD 


TXD 


INTO 


INT1/GATE 


TOCK 


HSTOP 


TIOUT 


T2CK 


CMPO 


CMP1 


INT2 


SFTO 


SFT 


SFTCK 


232 


/O 
/O 


Output 


Input 


Input 


Input 


Input 


Output 


Output 


Input 


Input 


Output 


Output 


Input 


Output 


Input 


VO 


Description 


P2.0 secondary functions. 
UART: Input pin for serial port receive data. 
Synchronous: Input pin for serial port transmit/receive data. 


P2.1 secondary functions. 
UART: Output pin for serial port transmit data. 
Synchronous: Output pin for serial port synchronizing clock. 


P2.2 secondary function. 
External interrupt 0 input pin. 


P2.3 secondary functions. 
External interrupt 1 input pin. Also used as input pin for gate 
signal for timer 0 count enable /disable. 


P2.4 secondary function 
Timer 0 external clock input pin. 


P2.5 secondary function. 
Hard stop mode input pin; stops system clock oscillation with “L” 
level input. 


P2.6 secondary function. 
Write strobe signal output pin during external data memory 
access. 


P2.7 secondary function. 
Output pin for signal that 2-divided timer 1 overflow. 


P3.0 secondary function. Timer 2 external clock input pin. 


P3.1 secondary function. 
Capture trigger input pin. 


P3.2 secondary function. 
Compare output channel 0 output pin. 


P3.3 secondary function. 
Compare output channel 1 output pin. 


P3.4 secondary function. 
External interrupt 2 input signal. 


P3.5 secondary function. 
Shift register data output pin. 


P3.6 secondary function. 
Shift register data input signal. 


P3.7 secondary function. 
Shift register synchronizing clock input/output signal. 
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REGISTERS 


Operation Registers 


(Accumulator) 
(BR) 


* For 16-bit operation instruction, A register holds low byte 
data and the B register holds high byte data. 


Special Purpose Registers 


Stack pointer 


~~ 
fo) 


(SP) 
Program status | psi rso tmp, Mi, P, HZ C 
word 
(PSW) Carry flag 
Zero flag 
Half-carry flag 
Parity flag 
Master interrupt enable flag 
Local memory page flag 
Register set select flag 
Register set select flag 
Program counter 
(PC) 15 0 


LOCAL REGISTERS 





*1 4 banks of local registers are mapped in local memory space data memory. 
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1. 
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MEMORY MAPS 


17FH 


100H 
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80H 


40H 
30H 
20H 
10H 


Local Memory Space 













General Memory Space 
OFFFFH 


External Memory 


Page 1 

2000H 
Program Memory 

100H 

Vector Call Table Area Internal 
Memory 

Page 0 een 
Program Memory 

40H 

Interrupt Vector Table Area 
20H 


Vector Call Table Area 
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SFR TABLE 
orf me = 
oF8 OFC 
OFF Interrupt enable register a 08 
OF6 IEL 00H 
OFS interrupt request register ve | eae RW mn 
ora 00H 
OEE Port 3 mode register | P3MOD 53H 
OED Port 3 direction register 00H 
we frontend] 
: no_| Te 
SN 
SO 
: = 
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Address 
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(HEX) 
ODF 
ODE 
ODD 
ODC 
ODB 
ODA 
0D9 
0D7 
0D6 
0D5 
0D4 
0D3 
0D2 
0D1 
0DO 
OCF 
OCE 
OCD 
OCC 
OCB 
OCA 
0c9 
0c8 
0C7 
0C6 
0C5 
0C4 
0c3 
0C2 
0C1 


Timer 1 Timertregister = 


Timer 0 register 





Timer 1 counter 


Timer 0 counter 





Timer 1 control register 


TOIR 


TOIC 





Timer 0 control register 


Time base counter control register 





Timer 2 register 


Timer 2 counter 





Timer 2 control register 


Free-running counter 


Free-running counter control register 


Compare channel 1 data register 





Compare channel 0 data register 


Compare output control register 


Compare output data register 


Capture data register 





Capture input control register 


Serial port buffer 


Serial port control register 





Timer 3 register 
Timer 3 counter 


Timer 3 control register 


T2R 











CMP1R 


CMIPOR 


CAPR 
SCON 























TICON 

TOCON 

TBCON 
T2RH 


T2RL 
T2CH 


ys 
| T2con | 
= 
| FRCON | 


or 


| CMPIRL 


CMPORH 


CMPORL 


CM eoneny 


| CMPOUT 
— 

ae 
| SBUF 


ny 


te. 


T3CON 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OFOH 
OEOH 


OEOH 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OF4H 
OOH 
OOH 


OF4H 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OFOH 


OFCH 


Unde- 
fined 


Unde- 
fined 


OFCH 


Unde- 
fined 


OFOH 


OOH 


Unde- 
fined 


Unde- 
fined 


OF4H 
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ADDRESSING MODES 


MSM65512 has 384 bytes of local memory space and 64 Kbytes of general memory space. A variety 
of addressing modes are available for accessing these spaces. 


1. Register Direct Addressing 


@ A, By, SP. PSW 
e BA 


Example 








DAA A 


|_______, wy rey 


2. Local Register Direct Addressing 


ee Rn (n = 0~15) 
@ ERn (n=0, 1) 


Example 


Local Registers 


R2 a ee 
are aa 


L A, 


3. Local Memory Direct Addressing 


@ \adrs (within 256-byte page; page specified by LMP flag) 
@® adrs (384 bytes) 


Example 


Local Memory 


4. General Memory Direct Addressing 


@® adrs 


Example 
General Memory 
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5. Local Memory - Register Indirect Addressing 


@ [Rn] (n=0, 1, 8,9; within 256-byte page; page specified by LMP flag) 
@ page: [Rn] (page=0,1 n=0,1,8,9 384 bytes) 


Example 








A, Local Memory 


1 


6. General Memory - Register Indirect Addressing 


@ [ERn] (n= 0, 1) 
e@ [BA] 


Example 
LG A, [ERO] General Memory 


sar} Wall 


7. Local Memory Index Addressing 







@ disp [Rn] (n= 1,9; within 256-byte page; page specified by LMP flag) 
@ page: disp [Rn] (page=0,1 n=1,9 384 bytes) 


Example 


Local Memory 


8. General Memory Index Addressing 


@ disp [ER1] 
Example 
LG A, OQFEH [ER1] 


) 
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9. Immediate Addressing 


e #n 


Example 





10. PC Relative Addressing 


® adrs 


Example 


General Memory 


INSTRUCTION TABLES 


® Data Transfer Instructions 


Mnemonic Function . 


Local memory load 
General memory load 
Store into local memory 
Store into general memory 


immediate data transfer to PSW 
Data transfer 

General memory data transfer 
16-bit data transfer 

Carry and parity exchange 

Data exchange 

Upper nibble and lower nibble swap 





® increment and Decrement 


Mnemonic Function 




























INC obj Data increment 

INCG obj General memory increment 
INCW obj 16-bit data increment 

DEC obj Data decrement 

DECG obj General memory decrement 
DECW obj 16-bit data decrement 
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@ Arithmetic Operations 


Mnemonic Function 


Data add 

16-bit data add 

Data add with carry 

General memory data add with carry 


Data subtract 

16-bit data subtract 

Data subtract with carry 

General memory data subtract with carry 
Multiplication 16<—8x8 

Division 16 — 16/8, 8< 16 mod 8 





® Comparisons 
CMP obj1, obj2 Data compare 
CMPW obj1, obj2 16-bit data compare 
@ Logical Operations 


Minemonic Function 


PSW, #n PSW and immediate data logical AND 
obj1, obj2 Data logical AND 

PSW, #n PSW and immediate data logical OR 
obj1, obj2 Data logical OR 

obj1, obj2 Data exclusive OR 






Bit set 

PSW bit set 

Bit reset 

PSW bit reset 

Carry complement 
Bit transfer to carry 


Bit transfer from carry 
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® Rotate and Shift 


Mnemonic Function 


Rotate left 


Rotate right 
Shift left 
Shift right 





® Decimal Adjust 
Decimal adjust after add 
Decimal adjust after subtract 
® Conditional Jumps 


Mnemonic Function 


adrs Jump if zero flag is set 
adrs Jump if zero flag is not set 
adrs Jump if carry is set 









adrs Jump if carry is not set 

Rn, adrs Decrement register, and jump if zero 

Rn, adrs Decrement register, and jump if not zero 

obj.n, adrs Jump If bit is set 

obj.n, adrs Jump, if bit is reset 

obj. n, adrs Jump and clear bit if bit is set 

C, P, adrs | Compare carry and parity; jump if equal 

C, P, adrs Compare carry and parity; jump if not equal 

obj1, obj2, adrs Compare; jump if equal 

obj1, obj2, adrs Compare; jump if not equal 

obj1, obj2, adrs Compare with general memory data; 
jump if equal 

obj1, obj2, adrs Compare with general memory data; 
jump if not equal 





@ Jumps 


Jump 


Short jump 





Indirect jump 
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@ Subroutines 


Data push 
Data pop 
Subroutine call 


Call subroutine if zero flag is set 
Call subroutine if carry flag is set 


Vector call 

Vector call if zero flag is set 

Vector call if carry flag is set 

Return from subroutine 

Return from subroutine if zero flag is set 
Return from subroutine if carry flag is set 





e Other Instructions 


Mnemonic Function 


Clear 

16-bit data clear 

Data complement 
16-bit data complement 
No operation 

Parity check 





Program execution delay 
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OKI semiconductor 
MSM65513/65P513 


OKI ORIGINAL HIGH PERFORMANCE CMOS 8 BIT SINGLE CHIP 
MICROCONTROLLER 








GENERAL DESCRIPTION 


MSM65513 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50 
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65513 is 
capable of high-speed processing, and includes 8 Kbytes of program memory, 256 bytes of data 
memory, timers and serial ports on chip. Also available is the MSM65P513, which replaces the on- 
chip program memory with one-time PROM. 


OPERATING RANGE 


@® Operating Frequency DC ~ 10 MHz 
@ Operating Voltage 45~5.5V 
@ Operating Temperature -40 ~ 85°C (MSM65513) 
FEATURES 
@ MemorySpace : 64 Kbytes Counters 
On-Chip Program Memory : 8 Kbytes Time base counter x 1 
On-Chip Data Memory 256 bytes 16-bit free-running counter x 1 
@© Minimum Instruction Execution Cycle: Capture input: 1 channel 
400n5 @ 10 MHz Compare output: 2 channels 
® Powerful instruction set: 
Beat Serial ports 
83 basic instructions 
8/16-bit operation instructions Shift register x 1 
Bit manipulation instructions Serial port with baud rate generator 
Compound function instructions (UART/synchronous) x 1 
e Abundant addressing modes External interrupts: 3 
® Multiplication/division operation functions Interrupt factors: 15 
16<8x8 
16 — 16/8, 816 mod 8 Package: 
64 pin plastic shrink DIP (SDIP64-P-750) 
@ WOports: 8-bitx6 . 64 pin plastic QFP (T.B.D) 
Inputonly port: — 8-bitx 1 68 pin PLCC (QFJ68-P-S950) 
@ Timers 


8-bit auto-reload timer x 2 
16-bit auto-reload timer x 1 
Watchdog timer x 1 


* Specifications are subject to change without notice. 


243 





@ MSM65513/65P513 @ 


PIN CONFIGURATION 


64-Pin Plastic Shrink DIP 


P5.0 
PS4 

P52 

P53 

pao 

Pa.t 

pa? 

P43 

Pa.a 

Pas 

Pas 

b4a.7 

P3.0/T2CK 
P3.1/CAP 
P3.20CMPO 

P3.3/CMP1 
P32 AANT2 
P3.S/SFTO 
PI.6AFTI 
P2.7SFICK 
RESET 
P2.0RXD 
P2.1/TXO 
P2.2ANTO 
P2.3ANTIIGATE 
P2.4/10CK 
P2.SMSTOP 
P2.6WR 
P2.7/T10UT 
oset 
osco 





FUNCTIONAL BLOCK DIAGRAM 


L-BUS 
TOCK* oP CER) control 
TIOUT* < : ; Cs) | 
x 
® 
GATE | acc K—) 
SFTO* Bbit SHIFT - REG 
SFTCK* (256 bytes) 
INTO* 
INTI* INTERRUPT ae 
INT2* 
5 OSCO 
it AR-T™M ; Osco. 
T2CK" 16bit i) SFR ADDRESS ,) 0 OSC1_ 
oi RESET 
DEC. TIMING |«-—-O WETORF 
CAP* 16bit FREE - RUN 
ee CO 
1 
ROM 
‘ 8bit AR-™ (8K bytes) G-BUS CONTROL 
TXD* 


PS A8~A 15" 
TIME BASE WATCH 
DOG 
COUNTER TIMER 


| sp KY 


ae 
Hy 


PP PP 
0 1 3 4 


* Secondary function of port 
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PIN DESCRIPTIONS 


supply 
0 V ground 


System clock input pin. Quartz oscillator or ceramic oscillator 
Oscilla- OSCO Input is connected between OSCO and OSC1. For external clock, 
tion input at OSCO, leaving OSC! open. 
“OSC1 System clock output pin 


a | a System reset input (program starts from address 0040H); 
oe oe pull-up resistance 


Control 
Program memory select input pin. 
Input “L” level input for external program memory; “H” level input 
for internal program memory. 
— Output | Read strobe signal during external memory access 
Output | Address latch signal during external memory access 


8-bit I/O port 

PORT 0 /O During external memory access, becomes address/data bus for 
address output, instruction fetch or data read/write along 
with ALE, RD and WR pins 

PORT 1 /O 8-bit I/O port 
Address bus during external memory access 


8-bit I/O port x 4. Secondary functions shown in following 
VO | table are added for ports 2 and 3. 





Port 
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PIN SECONDARY FUNCTIONS 


Pin Name 


RXD 


TXD 


INTO 


INT1/GATE 


TOCK 


HSTOP 


TIOUT 


T2CK 


CMPO 


CMP1 


INT2 


SFTO 


SFTI 


SFTCK 
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/O 
/O 


Output 


Input 


Input 


input 


Input 


Output 


Output 


Input 


Input 


Output 


Output 


Input 


Output 


Input 


/O 


Description 


P2.0 secondary functions. 
UART: Input pin for serial port receive data. 
Synchronous: Input pin for serial port transmit/receive data. 


P2.1 secondary functions. 
UART: Output pin for serial port transmit data. 
Synchronous: Output pin for serial port synchronizing clock. 


P2.2 secondary function. 
External interrupt 0 input pin. 


P2.3 secondary functions. 
External interrupt 1 input pin. Also used as input pin for gate 
signal for timer 0 count enable /disable. 


P2.4 secondary function 
Timer 0 external clock input pin. 


P2.5 secondary function. 
Hard stop mode input pin; stops system clock oscillation with “L” 
level input. 


P2.6 secondary function. 
Write strobe signal output pin during external data memory 
access. 


P2.7 secondary function. 
Output pin for signal that 2-divided timer 1 overflow. 


P3.0 secondary function. Timer 2 external clock input pin. 


P3.1 secondary function. 
Capture trigger input pin. 


P3.2 secondary function. 
Compare output channel 0 output pin. 


P3.3 secondary function. 
Compare output channel 1 output pin. 


P3.4 secondary function. 
External interrupt 2 input signal. 


P3.5 secondary function. 
Shift register data output pin. 


P3.6 secondary function. 
Shift register data input signal. 


P3.7 secondary function. 
Shift register synchronizing clock input/output signal. 
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REGISTERS 


(PC) 


Operation Register 


(Accumulator) 
(BR) 


* For 16-bit operation instruction, A register holds low byte 


data and the B register holds high byte data. 


Special Purpose Registers 


Stack pointer 


~~ 
fo) 


(SP) 

Program status | psi rso imp, Mi, PH 2 C 

word 

(PSW) Carry flag 
Zero flag 
Half-carry flag 
Parity flag 


Master interrupt enable flag 
Do not write “1” here 
Register set select flag 
Register set select flag 


Program counter 15 0 


LOCAL REGISTERS 





*1 4banks of local registers are mapped in local memory space data memory. 
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1. 
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MEMORY MAPS 


17FH 


100H 


80H 


40H 
30H 
20H 
10H 
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Local Memory Space 





General Memory Space 


OFFFFH 


External Memory 


Page 1 
2000H 
Program Memory 
100H 
Vector Call Table Area Internal 
Memory 
PageQ 80H 


Program Memory 


40H 


Interrupt Vector Table Area 


20H 
Vector Call Table Area 
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SFR TABLE 


‘eo | tame || sm [| oe 


OF? Interrupt enable register eH ne 
is Interrupt request register | 1RQH RAW shal 
OF4 IRQL 00H 





: = 


; Unde- 
OE8 Port 2 data register ey fined 
OES Port 1 direction register | prpir | 00H 
‘ Unde- 

OE4 Port 1 data register rie | fined 
OE3 Port 0 direction register PODIR OOH 
. Unde- 
OE2 Port 0 data register | POD fined 
j ; Unde- 

0E1 | Shift register SFTR fined 
OE0 Shift register control register SFTCON OEOH 
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A 
ODF Timer 1 Timertregister TOIR anes 


= ta 


00 ae Se = 


Unde- 
= = 


ODB Timer 1 control register TLCON OFOH 
ODA | Timer 0 control register TOCON OEOH 
0D9 Time base counter control register TBCON OEOH- 
Unde- 
007 Timer 2 register T2R T2RH fined 
OD6 T2RL fined 


Unde- 
0D5 __| Timer 2 counter Tech fined 
0D4 —. bel Hee 
0D3 Timer 2 control register | T2CON OF4H 


0b2 Free-running counter FRC Binds 00H 






































0D1 ae 00H 
ODO Free-running counter control register | FREON | OF4H 
Unde- 

OCF Compare channel 1 data register CMP1R lea! Rn ruined 
OCE | CMPIRL RL ined. 
~ cp CMPORH ined 
Compare channel 0 data register CMPOR Hned 

occ CMPORL ined: 
OCB Compare output control register CMPCON OFOH 
0CA Compare output data register CMPOUT OFCH 
Unde- 

009 Capture data register CAPR CAPRI nned 
0c8 CAPRL fined 
0C7 Capture input control register CAPCON OFCH 
océ | Serial port buffer SBUF toed 
Serial port control register had 
0Cc4 OOH 








0C3__—|| Timer 3 register | TBR Yined 
oa [TinerSeouney me] 
0C1 Timer 3 control register T3CON OF4H 
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pot 
Portsdataregister PS 
Portadataregister TPA 








Address 
(HEX) 








ADDRESSING MODES 


MSM65513 has 384 bytes of local memory space and 64 Kbytes of general memory space. A variety 
of addressing modes are available for accessing these spaces. 


1. Register Direct Addressing 


@ A, B. SP, PSW 
e BA 


Example 







DAA A 


Li. yyy 


2. Local Register Direct Addressing 


@ Rn (n=0~15) 
@ ERn (n=0, 1) 


Example 


Local Registers 


R2 
ae 


3. Local Memory Direct Addressing 


e \adrs (within 256-byte page; page specified by LMP flag) 
® adrs (384 bytes) 
Example 


Local Memory 


4. General Memory Direct Addressing 
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@ adrs 


Example 








General Memory 
LG A,  OABCH 


ene 


5. Local Memory - Register Indirect Addressing 


e [Rn] (n=0, 1,8, 9; within 256-byte page; page specified by LMP flag) 
@ page: [Rn] (page=0,1 n=0,1,8,9 384 bytes) 


Example 


: Local Memory 


MMI 


6. General Memory - Register Indirect Addressing 


e@ [ERn] (n =0, 1) 
@ [BA] 


Example 


General Memory 


7. Local Memory Index Addressing 


@ disp [Rn] (n= 1,9; within 256-byte page; page specified by LMP flag) 
® page: disp [Rn] (page=0,1 n=1,9 384 bytes) 


Example 


Local Memory 
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8. General Memory Index Addressing 


@ disp [ER1] 


Example 











LG A, OFEH [ER1] 


Seinen 4 wee We General Memory 


9. Immediate Addressing 
e #n 


Example 


10. PC Relative Addressing 


® adrs 


Example 


JZ 


INSTRUCTION TABLES 


@ Data Transfer Instructions 


Mnemonic Function 



































L obj1, obj2 Local memory load 

LG obj1, obj2 General memory load 

ST obj1, obj2 Store into local memory 

STG obj1, obj2 Store into general memory 
MOV PSW, #n Immediate data transfer to PSW 
MOV obj1, obj2 Data transfer 

MOVG obj1, obj2 General memory data transfer 
MOVW obj1, obj2 16-bit data transfer 

XCH Cc, P Carry and parity exchange 

XCH obj1, obj2 Data exchange 





SWAP obj Upper nibble and lower nibble swap 
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® increment and Decrement 


Data increment 
General memory increment 


16-bit data increment 

Data decrement 

General memory decrement 
16-bit data decrement 





® Arithmetic Operations 


ee 


Data add 

16-bit data add 

Data add with carry 

General memory data add with carry 
Data subtract | 

16-bit data subtract 

Data subtract with carry 

General memory data subtract with carry 
Multiplication 16 <—8x8 

Division 16 — 16/8, 8 16mod8 





© Comparisons 
CMP obj1, obj2 Data compare 
CMPW obj1, obj2 16-bit data compare 


®@ Logical Operations 


Mnemonic Function 


PSW, #n PSW and immediate data logical AND 
obj1, obj2 Data logical AND 






PSW, #n PSW and immediate data logical OR 
obj1, obj2 Data logical OR 
obj1, obj2 Data exclusive OR 
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® Bit Operations 


Mnemonic Function 


Bit set 


PSW bit set 


Bit reset 

PSW bit reset 

Carry complement 

Bit transfer to carry 
Bit transfer from carry 





® Rotate and Shift 


Mnemonic Function 


Rotate left 
Rotate right 
Shift left 
Shift right 





® Decimal Adjust 
Decimal adjust after add 
Decimal adjust after subtract 
® Conditional Jumps 


Mnemonic Function 









adrs 

adrs 

adrs 

adrs 

Rn, adrs 

Rn, adrs 

obj. n, adrs 
obj.n, adrs 
obj.n, adrs 

C, P, adrs 

C, P, adrs 

obj1, obj2, adrs 
obj1, obj2, adrs 
obj1, obj2, adrs 


obj1, obj2, adrs 





Jump if zero flag is set 

Jump if zero flag is not set 

Jump if carry is set 

Jump if carry is not set 

Decrement register, and jump if zero 

Decrement register, and jump if not zero 

Jump if bit is set 

Jump, if bit is reset 

Jump and clear bit if bit is set 

Compare carry and parity; jump if equal 

Compare carry and parity; jump if not equal 

Compare; jump if equal 

Compare; jump if not equal 

Compare with general memory data; 
jump if equal 

Compare with general memory data; 
jump if not equal 
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® Jumps 


Mnemonic Function 


Jump 
Short jump 
Indirect jump 


Data push 

Data pop 

Subroutine call 

Call subroutine if zero flag is set 

Call subroutine if carry flag is set 

Vector call 

Vector call if zero flag is set 

Vector call if carry flag is set 

Return from subroutine 

Return from subroutine if zero flag is set 
Return from subroutine if carry flag is set 





@ Other Instructions 


Mnemonic Function 


Clear 

16-bit data clear 

Data complement 
16-bit data complement 
No operation 

Parity check 


Program execution delay 
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OKI semiconductor 
MSM65524/65P524 


OKI ORIGINAL HIGH PERFORMANCE CMOS 8BIT SINGLE CHIP 
MICROCONTROLLER 








GENERAL DESCRIPTION 


MSM65524 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50 
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65524 is 
capable of high-speed processing, and includes 16 Kbytes of program memory, 384 bytes of data 


memory, timers, serial ports, an A/D converter and PWMss on chip. Also available is the 
MSM65P524, which replaces the on-chip program memory with one-time PROM. 


OPERATING RANGE 


8-bit auto-reload timer x 2 
16-bit auto-reload timer x 1 
Watchdog timer x 1 


@ Operating Frequency DC ~ 10 MHz 
@ Operating Voltage 45~5.5V 
@ Operating Temperature -40 ~ 85°C (MSM65524) 
FEATURES 
@ MemorySpace : 64Kbytes Counters 
On-Chip Program Memory : 16 Kbytes te is eee 2 eataed 
On-Chip Data Memory 384 bytes MSOC on ee ee en : 
@ Minimum Instruction Execution Cycle: COpiire Inputs arenenng) 
400nS @ 10 MHz Compare output: 2 channels 
@ Powerful instruction set: Serial ports 
83 basic instructions Shift register x 1 
8/16-bit operation instructions ; 
Bit manipulation instructions a a osnelai 
Compound function instructions y 
® Abundant addressing modes A/D converter: 8 bits x 8 channels 
® Miultiplication/division operation functions ee 
16 — 8x8 PWM with auto-reload timer for period 
16 — 16/8, 8 — 16mod8 setting 
@ W/Oports: 8-bitx5 External interrupts: 3 
4-bit x 1 
Input only port: 8-bitx1 Interrupt factors: 19 
é- Thee Package: 


64 pin plastic shrink DIP (SDIP64-P-750) 
64 pin plastic QFP (T.B.D) 
68 pin PLCC (QFJ68-P-S950) 


* Specifications are subject to change without notice. 
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PIN CONFIGURATION 


64-Pin Plastic Shrink DIP 
(Top View) 


PS.0/PWM0 
PS.17PWM1 
P5.2 
PS.3 
Pad 
pay 
Pa? 
p43 
paa 
pas 
Pas 
Pa? 
P3.0/T2CK 
P3.1/CAP 
P3.2CMPO 
P3.3/CMP1 
P3.4ANT2 
P3.S/SFTO 
P3.6/SFTI 
P3.7/SFTCK 
RESET 
P2.0/RXD 
P2.1/7XO 
P2.20NTO 
P2.30NTIGATE 
P2.4/T0CK 
P2.S/MSTOP. 
P2.6WR 
P2.7/110UT 





FUNCTIONAL BLOCK DIAGRAM 


: L-BUS 
LAS CONTROL 


[ace K—> 


8bit AR-TM 
x2 oun 


8bit SHIFT - REG 
Roa 


x4 


Ls? Ky 
INTERRUPT mace 
16bit AR-TM 
DEC. 


16bit FREE-RUN ‘ ; 
& CAP/ CMP 


ROM 


8bit AR-TM (16K bytes) G-BUS CONTROL 
TXD* GK Ky AD0~AD7* 


. PS A8~A15* 
PWMO* Sbit AR-TM WR* 
rate) kK ai 
TIME BASE WATCH ¢ { } 
COUNTER || CS, 
PP PP 
0 1 3 4 


* Secondary function of port 
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PIN DESCRIPTIONS 


/ vo | | +5 V digital power supply 
RONel AVDD — +5 V analog power supply 
supply 
AGND _ 0 V analog ground 
Sve fo +5 V analog reference voltage 
Sve fo 0 V analog reference voltage 


System clock input pin. Quartz oscillator or ceramic oscillator 
Oscilla- OSCO Input is connected between OSCO and OSC1. For external clock, 
tion input at OSCO, leaving OSC1 open. 
OSC1 System clock output pin 
RESET Input | System reset input (program starts from address 0040H); 
internal pull-up resistance 


Control 
ee Program memory select input pin. 
EA Input “L” level input for external program memory; “H” level input 
for internal program memory. 
Output | Read strobe signal during external memory access 
Output | Address latch signal during external memory access 


8-bit I/O port 

PORT 0 /O During external memory access, becomes address/data bus for 
address output, instruction fetch or data read/write along 
with ALE, RD and WR pins 

PORT 1 VO 18-bit /O port 
Address bus during external memory access 


8-bit !/O port x 3. Secondary functions shown in following 
VO | table are added for ports 2 and 3. 


PORT 5 /O | 4-bit I/O port. Secondary functions shown in following table 
are added for port 5. 


PORT 6 Input | 8-bit /O port. Functions as analog input channel during A/D 
conversion. 





Port 
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PIN SECONDARY FUNCTIONS 


Pin Name V/O Description 


RXD VO |P2.0secondary functions. 
UART: Input pin for serial port receive data. 
Synchronous: Input pin for serial port transmit/receive data. 


TXD Output | P2.1 secondary functions. 
UART: Output pin for serial port transmit data. 
Synchronous: Output pin for serial port synchronizing clock. 


INTO Input | P2.2 secondary function. 
External interrupt 0 input pin. 


INT1/GATE Input | P2.3 secondary functions. 
External interrupt 1 input pin. Also used as input pin for gate 
signal for timer 0 count enable /disable. 


TOCK Input | P2.4 secondary function 
Timer 0 external clock input pin. 

HSTOP Input | P2.5 secondary function. 
Hard stop mode input pin; stops system clock oscillation with “L” 
level input. 


Output | P2.6 secondary function. 
Write strobe signal output pin during external data memory 
access. 


TIOUT Output | P2.7 secondary function. 
Output pin for signal that 2-divided timer 1 overflow. 


T2CK Input | P3.0 secondary function. Timer 2 external clock input pin. 


CAP Input | P3.1 secondary function. 
Capture trigger input pin. 


CMPO Output | P3.2 secondary function. 
Compare output channel 0 output pin. 


5 


CMP1 Output | P3.3 secondary function. 
Compare output channel 1 output pin. 


INT2 Input | P3.4 secondary function. 
External interrupt 2 input signal. 


SFTO Output | P3.5 secondary function. 
Shift register data output pin. 


SFTI Input | P3.6 secondary function. 
Shift register data input signal. 


SFTCK /O P3.7 secondary function. 
Shift register synchronizing clock input/output signal. 


PWMO Output | P5.0 secondary function. 
PWM channel 0 output signal. 


PWM 1 Output | P5.1 secondary function. 
PWM channel 1 output signal. 
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REGISTERS 


Program counter 15 
(PC) 


Operation Registers 


(Accumulator) 
(BR) 


* For 16-bit operation instruction, A register holds low byte 


data and the B register holds high byte data. 


Special Purpose Registers 


Stack pointer 


~“ 
Oo 


(SP) 

Program status RS RSO LMP, MO, PH ZC 

word 

(PSW) Carry flag 
Zero flag 
Half-carry flag 
Parity flag 


Master interrupt enable flag 
Local memory page flag 
Register set select flag 
Register set select flag 


0 


LOCAL REGISTERS 





*1 4banks of local registers are mapped in local memory space data memory. 
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1. 
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MEMORY MAPS 


Local Memory Space 


Data Memory 


Data Memory 


1FFH 





100H 


80H 


40H 
30H 
20H 
10H 
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General Memory Space 
OFFFFH 


External Memory 


Page 1 

4000H 
Program Memory 

100H 

Vector Call Table Area Internal 
Memory 

Page 0 or 
Program Memory 

40H 

Interrupt Vector Table Area 
20H 


Vector Call Table Area 
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SFR TABLE 
7 9d 
vet Interrupt enable register a au 
OF Interrupt request register ne ma RAW oon 
OF4 00H 
= ; 
= mo | [is 
: ow 
0 
SO 
: = 
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Address 


_ (HEX) 
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ODF 
ODE 
ODD 
ODC 
ODB 
ODA 
0D9 
0D7 
0D6 
0D5 
0D4 
0D3 
0D2 
0D1 
0DO 
OCF 
OCE 
OCD 
OCC 
OCB 
OCA 
0c9 
0c8 
0C7 
0C6 
0Cc5 
0C4 
0Cc3 
0C2 
0C1 











Timer 1 Timertregister TOIR 


Timer 0 register 


Timer 1 counter TOIC 
TimerOcounter 


Timer 0 counter 





Timer 1 control register TICON 


Timer 0 control register TOCON 

Time base counter control register TBCON 

Timer 2 register T2R 128 
T2RL 


Timer 2 counter T2CH 
a 























Timer 2 control register | | T2cON | 
Free-running counter eo 
Be 
Free-running counter control register | FRCON | 
Compare channel 1 data register CMP1R pong is 
| CMPIRL | RL 
Compare channel 0 data register CMPOR gy 
sae 
Compare output control register Seen. 
Compare output data register CM | cMPOUT | 





Capture data register CAPRH 
os 
Capture input control register | CAPCON | 
Serial port buffer SBUF 
Serial port control register SCON SCONH 
R/W 


SCONL 











| Timer 3 register 





Timer 3 counter 
Timer 3 control register T3CON 





Reset 
Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OFOH 
OEOH 


OEOH™ 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OF4H 
OOH 
OOH 


OF4H 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


Unde- 
fined 


OFOH 


OFCH 


Unde- 
fined 


Unde- 
fined 


OFCH 


Unde- 
fined 


OFOH 


OOH 


Unde- 
fined 


Unde- 
fined 


OF4H 
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Address 


we [ens SSC—C—‘“‘*s*s‘“‘“*~* St = 

gta [ronsdoureine —SS~Ci 

oes ponedowresine Sid 
Punting 


0B7 PWM 1 register PWM1R | RAW | OOH 


OB6 PWM0O register PWMOR 00H 


= i 
= = 
= is 
oe is 
= ts 
= i 
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ADDRESSING MODES 


MSM65524 has 512 bytes of local memory space and 64 Kbytes of general memory space. A variety 
of addressing modes are available for accessing these spaces. 


1. Register Direct Addressing 


@ A, B, SP, PSW 
e 6BA 


Example 





DAA A 


| «s WYy (KEY 


2. Local Register Direct Addressing 


@ Rn (n = O~15) 
e ERn (n=0, 1) 


Example 







Local Registers 
R3 


es eat 
ae eee 


3. Local Memory Direct Addressing 
@ \adrs (within 256-byte page; page specified by LMP flag) 
® adrs (512 bytes) 


Example 


Local Memory 


4. General Memory Direct Addressing 


® adrs 


Example 


General Memory 
LG A, OABCH 


ie Sitrconseers 
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5. Local Memory - Register indirect Addressing 


e [Rn} (n=0, 1, 8, 9; within 256-byte page; page specified by LMP flag) 
® page: [Rn]} (page=0,1 n=0,1,8,9 512 bytes) 


Example 











Local Memory 


WMUéutta 


6. General Memory - Register Indirect Addressing 
e [ERn] (n=0, 1) 
@ [BA] 


Example 


LG A, | [ERO] General Memory 


t 


7. Local Memory Index Addressing 


® disp [Rn] (n= 1,9; within 256-byte page; page specified by LMP flag) 
@ page: disp [Rn] (page=0,1 n=1,9 512 bytes) 


Example 


L A, 35H [Ri] 
pF RT Local Memory 


8. General Memory Index Addressing 


@ disp [ER1] 


Example 





LG A, 


OFEH [ER1] 
General Memory 
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9. Immediate Addressing 


e@ #n 


Example 





10. PC Relative Addressing 


@® adrs 


Example 


General Memory 


INSTRUCTION TABLES 


® Data Transfer Instructions 


Mnemonic Function 


Local memory load 
General memory load 
Store into local memory 
Store into general memory 


Immediate data transfer to PSW 
Data transfer 

General memory data transfer 
16-bit data transfer 

Carry and parity exchange 

Data exchange 

Upper nibble and lower nibble swap 





_@ Increment and Decrement 


Mnemonic Function 


Data increment 
General memory increment 


16-bit data increment 

Data decrement 

General memory decrement 
16-bit data decrement 
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@ Arithmetic Operations 


ADD obj1, obj Data add 

ADDW obj1, obj 16-bit data add 

ADC obj1, obj Data add with carry 

ADCG obj1, obj General memory data add with carry 


SUB obj1, obj Data subtract 

SUBW obj1, obj 16-bit data subtract 

SBC obj1, obj Data subtract with carry 

SBCG obj1, obj General memory data subtract with carry 
MUL Multiplication 16<8x8 

DIV Division 16 — 16/8, 8 16mod8 





@ Comparisons 


Mnemonic Function 


obj 1, obj2 
Obj1, obj2 





Data compare 






16-bit data compare 


® Logical Operations 


Mnemonic Function 


PSW, #n PSW and immediate data logical AND 


obj1, obj2 
PSW, #n 

obj1, obj2 
obj1, obj2 


Data logical AND 

PSW and immediate data logical OR 
Data logical OR 

Data exclusive OR 


Bit set 

PSW bit set 

Bit reset 

PSW bit reset 

Carry complement 
Bit transfer to carry 


Bit transfer from carry 
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@ Rotate and Shift 


Mnemonic Function 


Rotate left 


Rotate right 
Shift left 
Shift right 





® Decimal Adjust 
Decimal adjust after add 
Decimal adjust after subtract 
® Conditional Jumps 









adrs 

adrs 

adrs 

adrs 

Rn, adrs 

Rn, adrs 

obj. n, adrs 
obj.n, adrs 

obj. n, adrs 

C, P, adrs 

C, P, adrs 

obj1, obj2, adrs 
obj1, obj2, adrs 
obj1, obj2, adrs 


obj1, obj2, adrs 





Jump if zero flag is set 

Jump if zero flag is not set 

Jump if carry ts set 

Jump if carry is not set 

Decrement register, and jump if zero 

Decrement register, and jump if not zero 

Jump if bit is set 

Jump, if bit Is reset 

Jump and clear bit if bit Is set 

Compare carry and parity; jump if equal 

Compare carry and parity; jump if not equal 

Compare; jump if equal 

Compare; jump if not equal 

Compare with general memory data; 
jump if equal 

Compare with general memory data; 
jump if not equal 


Jump 
Short jump 


Indirect jump 
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® Subroutines 


Mnemonic Function 


Data push 
Data pop 
Subroutine call 


Call subroutine if zero flag is set 


Call subroutine if carry flag is set 

Vector call 

Vector call if zero flag is set 

Vector call if carry flag is set 

Return from subroutine 

Return from subroutine if zero flag is set 





Return from subroutine if carry flag is set 


@ Other instructions 


Mnemonic Function 


Clear 

16-bit data clear 

Data complement 
16-bit data complement 
No operation 

Parity check 





Program execution delay 
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INTEL COMPATIBLE 
SERIES 


OKI semiconductor 


MSM80C35/48 
MSM80C39/49 
MSM80C40/50 


CMOS 8-BiIT SINGLE CHIP MICROCONTROLLER 






GENERAL DESCRIPTION 


The OKI MSM80C48/MSM80C49/MSM80C50 microcontroller is a low-power, high-performance 
8-bit single chip device implemented in silicon gate complementary metal oxide semiconductor 
technology. Integrated within these chips are 8K/16K/32K bits of mask program ROM, 
512/1024/2048 bits of data RAM, 27 I/O lines, built-in 8 bit timer/counter, and oscillator. Program 
memory and data paths are byte wide. Eleven new instructions have been added to the NMOS ver- 
sion’s instruction set, thereby optimizing power down, port data transfer, decrement and port float 
functions. 

Available in 40-pin plastic DIP (RS) or 44-pin plastic flat packages (GSK). 


FEATURES 


@ Lower power consumption enabled by CMOS ® Two sets of working registers 
silicon gate process @ External and timer interrupts 

® Completely static operation @ Two test inputs 

@ Improved power-down feature @ Built-in 8-bit timer counter 

@ Minimum instruction cycle 1.36 ws (11MHz) @ Extendable external memory and I/O ports 
@ Vcc = +5V +10% @ Input/output ports : Input/output ports 


11 MHz version of MSM80C40/50 (6 MHz < — 8bits x 2 
XTAL1.2 < 11 MHz) is under development. : Data bus input/output 
— 8 bits X 1 

@ Every signal input terminal is provided with a @ Single-step execution function 
Schmitt circuit, except XTAL1 Pin. @ Wide range of operating voltage, from +2.5V 

@ Every signal output terminal is capable of to +6V of VCc. 
driving a standard TTL, except XTAL2 Pin. @ High noise margin action 

@ 111 instructions ®@ Compatible with Intel’s 8048, 8049 and 8050 

@ Allinstructions are usable even during ® Package: 
execution of external ROM instructions. 40 pin plastic DIP (DIP40-P-600) 

e Operation facility 44 pin plastic QFP (QFP44-P-910-K) 
sel logical operations, and decimal 44 pin plastic QFP (OQFP44-P-910-VK) 
adjus 

@® Program memory (ROM) : 1K X 8 bits 

(MSM80C48) 
: 2K X 8 bits 
(MSM80C49) 
: 4K X 8 bits 
(MSM80C50) 
® Data memory (RAM) : 64 X 8 bits 
(MSM80C48) 
: 128 X 8B bits 
(MSM80C49) 
: 256 X 8 bits 
(MSM80C50) 
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FUNCTIONAL BLOCK DIAGRAM 


(PORT 2) 


(i 


PORT 2 BUS BUFFER 
PORT? LATCH HIGH PROGRAM EXLED 
LANCER COUNTER (4) 
PORT1/0 
tf: 


ACCUMU- 

LATOR (8) 
ACCUMULATOR 

LATCH (8) 


DECIMAL 
ADJUST 
CONTROL AND TIMING 
EA XTALI XTAL2 ALE PSEN SS 
e 


INT RESET PROG 


PROGRAM 

MEMORY 

ENABLE 
ADDRESS LATCH, 

CPUMEMORY pata LATCH 

SEPARATE STROBE CYCLE 
CLOCK 


INTERRUPT | prom/ 
EXPANDER 
STROBE 

INITIALIZE 


OSCILATOR 
XTAL 


PIN CONFIGURATION 


(Top View) 40 Lead Plastic DIP 


Pin Name 


Plo ~ PA 4 
P20 iPad P24 
DBo oo DB+ 
FO, T1 

INT 

RD 

WR 
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PROGRAM MEMORY 
(ROM 


1K x 8 BIT MSM80C48RS 
2K x 8 BIT MSM80C49RS 
4k x 8 BIT MSM80C50RS 


TIMER/EVENT 
COUNTER (8) 


SINGLE 
STEP 


LOWER PROGRAM 
COUNTER (8) 


TIMER FLAG 
CARRY 
ACC 


ACC BIT TEST 


RD 
) 


READ STROBE 


WRITE STROBE 








INSTRUC- 
TION 
REGISTER 


BUS LATCH 
AND LOW 
PC TEMP 
REGISTER 


REGISTER 4 
REGISTER 6 


8 LEVEL 
STACK 


OPTIONAL 
SECOND 
REGISTER 
BANK 


DATA STORE 


DATA MEMORY (RAM) 

64 x 8 MSM80C48RS 
128 x 8 MSM80C49RS 
256 x 8 MSM80C5ORS 


(Top View) 44 Lead Plastic FLAT 


vu VU 
N = 
a) 


: Input/output port (PORT1) 
: Input/output port (PORT2) 
: Data bus port (BUS PORT) 
: Test 

: Interrupt 

: Read 

: Write 





ALE : Address Latch Enable 


PSEN : Program Store Enable 

RESET : Reset 

SS : Single Step 

EA : ROM Mode 

XTAL 1,2  : Crystal Controlled 
Oscillator 





PIN DESCRIPTION 


Designation 


Plo~Pt7 
(PORT 1) 


P20 ~ P27 
(PORT 2) 


DBo ~ DB7 
(BUS) 


INT 
(Interrupt) 


RD 
(Read) 


WR 
(Write) 


ALE 
Address & 
Data Latch 

Clock 


PSEN 
Program 
Store Enable 


RESET 


ss 
(Single Step) 


EA 
(External Access) 


PROG 
(Expander Strobe) 


Input/Output 


Input/Output 


Input/Output 


Input/Output 


Input/Output 


Output 


Output 


Output 


Output 
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Function 


8-bit quasi-bidirectional port 


8-bit quasi-bidirectional port 

The high-order four bits of external program memory addresses can be 
output from P20-P23, to which the I/O expander MSM82C43RS may also 
be connected. 


Bidirectional port 

The low-order eight bits of external program memory address can be 

output from this port, and the addressed instruction is fetched under the 
control of PSEN signal. Also, the external data memory address is output, and 
data is read and written synchronously using RD and WR signals. 

The port can also serve as either a statically latched output port ora 
non-latching input port. 





The input can be tested with the conditional jump instructions JTO and 
JNTO. The execution of the ENTO CLK instruction causes a clock output to 
be generated. 


The input can be tested with the conditional jump instructions JT1 and 
JNT1. The execution of a STRT CNT instruction causes an internal 
counter input to be activated. 


Interrupt input. If interrupt is enabled, INT input initiates an interrupt. 
Interrupt is disabled after a reset. 

Also testable with a JNI instruction. Can be used to terminate the 
power-down mode. (Active “0” level) 


A signal to read data from external data memory. (Active “0” level) 
A signal to write data to external data memory. (Active “O” level) 


This signal is generated in each cycle. It may be used as a clock output. 
External data memory or external program memory is addressed upon the 
falling edge. For the external ROM, this signal is used to latch the bus port 
data upon the ALE signal rise-up after the execution of the OUTL BUS, A 
instruction. 


A signal to fetch an instruction from external program memory 
(Active “O” level) 





RESET input initialize the processor. (Active “0” level) 
Used to terminate the power-down mode. 


A program is executed step by step. This pin can also be used to control 
internal oscillation when the power-down mode is reset. 
(Active “O” level) 


When held at high level, all instructions are fetched from external memory. 
(Active “1” level) 


This output strobes the MSM82C43RS I/O expander. 
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PIN DESCRIPTION (CONT.) 


Designation Input/Output Function 
XTAL 1 One side of the internal crystal oscillator. An external clock can also be input. 
(Crystal 1) 
XTAL 2 Other side of the internal crystal oscillator. 
(Crystal 2) 
VCC po Power supply terminal 
Vpp Standby control input. Normally, “1” level. When set to “O” level, 
oscillation is stopped and processor goes into standby mode. 





Note: The required RESET pulse duration is at least two machine cycles under the condition that the power supply 
and the oscillator have been stabilized. 
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ADDED FUNCTIONS OF MSM80C48, MSM80C49 AND MSM80C50 


The MSM80C48, MSM80C49 and 
MSM80C50 basically incorporate the capabili- 
ties of Intel’s 8048, 8049, and 8050 plus the fol- 
lowing new functions: 


1. Power-Down Mode Enhancements 


1.1 Power-down by software 


(1) Clock (See item 4, “Power-down mode”, for 
details.) 

a. Crystal-controlled oscillator halt (HLTS 
instruction) 

Power requirements can be minimized. 

b. Clock supply halt (HALT instruction) 
Restart is accomplished without oscilla- 
tor wait. 

(2) I/O ports (See Table 4-1 and 4-2 for 
details.) 

I/O port floating instructions 

Power consumption resulting from inputs/ 

outputs can be minimized with FLT and 

FLTT instructions. 

Port floating is cancelled by executing 

FRES instruction, “O” level at INT pin or ‘‘O” 

level at RESET pin. 

(3) Six types of power-down can be done by a 
combination of HLTS/HALT and FLT/FLTT 
instructions. 


1.2 Power-down by hardware (See 4.3, 
Power-down mode by Vpp pin utilization 
for details.) 

Crystal-controlled oscillators can be halted 
by controlling the Vpp terminal, thereby floating 
all l/O ports for minimum power consumption. 


2. Additional Instructions (11) 


HLTS MOV A, P2 
HALT MOV P1, @R3 
FLT MOVP1 P, @ R3 
FLTT DEC @ Rr 
FRES DJNZ @ R, addr 
MOV A, P1 


3. Improved Uses of BUS Po ~ 7, P10 ~ 7, 
P20 ~ 7, and SS terminals 


3.1 BUS Po~7 

The MSM80C48, MSM80C49Q9, and 
MSM80C50 remove the limitation on the use of 
OUTL BUS, A instructions during the external 
ROM access mode by having an independent 
data latch and external ROM mode address 
latch in BUS Po ~ 7. 

Consequently, there is no need to relocate 
bus port instructions when in the external ROM 
access mode. 


3.2 P10~7andP20~~7 

The MSM80C48, MSM80C49 and 
MSM8O0OC50 are designed to minimize power 
consumption when P10 ~ 7 and P20 ~ 7 are used 
as input/output ports, to maximize the perfor- 
mance of CMOS. 

When these ports are used as output ports, 
the acceleration circuit is actuated only when 
output data changes from “O” to ‘‘1”, thus speed- 


ing up the rise time of the output signals. 

When these ports are used as input ports, 
the internal pullup resistance becomes approxi- 
mately 9 kQ when input data is “1”. 

The internal pullup resistance rises to ap-: 
proximately 100 k{. when input data is ‘‘O”. 
Thus, a high noise margin can be obtained by 
selecting the impedance and thus the outflow of 
Current is minimized whenever these ports are 
used as Output or input ports. 


3.3 Clock generation control via the SS 

terminal 

When the crystal-controlled oscillator is 
halted in the HLTS or hardware power-down 
mode, the SS terminal is pulled down by a resis- 
tor of 20 — 50 kQ, while its internal pullup resis- 
tor of 200 — 500 k2 is isolated from Voc. When 
the power-down mode is cancelled, the internal 
resistor of the SS terminal is changed from pull- 
down to pullup. Consequently, the CPU can be 
halted for any period of time until the crystal- 
controlled oscillator resumes normal oscillation 
when a capacitor is connected to the SS termi- 
nal. 


4. Power-Down Mode 


The MSM80C48, MSM80C49, and 
MSM80C50 power-down mode can be enabled 
in 2 different ways-through software by a combi- 
nation of clock control and port floating 
instructions, and through hardware by control of 
the Vpp pin. 


4.1 Software power-down mode 
Power-down mode can be done by a combi- 
nation of the following instructions. 


(1) HALT (clock supply halt to control circuit) 


Instruction 0000,0 0 0 1 
code: 
Description: Although crystal-controlled 


oscillator operation is con- 
tinued, the clock supply to 
the CPU control circuit is 
halted and CPU operations 
Suspended. When cancelling 
this software mode, restart is 
accomplished without os- 
cillator wait. Timing charts 
ibs outlined in Figs. 4-1 and 
-2. 
(2) HLTS (oscillation stop) 


Instruction 1000001 0 
code: 
Description: The oscillator operation is 


halted and CPU operations 
Suspended. In cancelling 
this power down mode, con- 
necting a capacitor to the SS 
pin enables a reasonable 
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(3) 


(4) 
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wait period to be accom- 
plished before normal opera- 
tion is resumed. [Except in 
the case of using the RESET 
pin] 
Timing charts are outlined in 
Figs. 4-3 and 4-4. 
FLT (floating P10 ~ 7, P20 ~ 7, and BPo ~ 7) 
10 1 


Instruction 0001 0 


code: 


Description: 


Internal ROM 
mode 


External ROM mode 


Floating 


P20 ~ s operation 
P24 ~ 7 floating 


Floating 


Floating 


Details of IC pin status as a result of execut- 
ing the FLT instruction are shown in Table 
4-1. 

FLTT (floating of all output pins) 


Operation 





Instruction 1100001 0 
code: 
Description: 






Internal ROM External ROM mode 
mode 


mr 


loati P20 ~ 3 operation 
he Foard P24 ~ 7 floating 


Details of IC pin status as a result of execut- 
ing the FLTT instruction are shown in Table 
4-2. 

Example 1: 


Vv 














TO OUT 









XTAL 





Power-down mode accom- 
plished by stopping oscillation. 
O Setting by execution of 
HLTS [82H] instruction. 
Power-down mode accom- 
plished by stopping the clock 
Supply to the CPU control 
circuit. 
© Setting by execution of 
HALT [01H] instruction. 
Power-down mode by floating 
of P10 ~ 7, P20 ~ 7 and BPo ~ 
7, and subsequent stopping of 
CPU oscillation. 


Example 2: 


Example 3: 


O Setting by first executing 
the FLT[A2H] instruction 
and then the HLTS[82H] in- 
struction. 

Power-down mode by floating 

P10 ~ 7, P20 ~ 7 and BPo — 7, 

and then stopping the clock 

supply to the CPU control cir- 
cuit. 

O Setting by first executing 
the FLT[A2H] instruction, 
and then the HALT[0O1H] in- 
struction. 

Power-down mode by floating 

all output pins, followed by 

stopping oscillation. 

O Setting by first executing 
the FLTT[C2H] instruction 
followed by execution of 
the HLTS[82H] instruction. 

Power-down mode by floating 

all output pins, followed by 

stopping of the clock supply to 
the CPU control circuit. 

O Setting by first executing 
the FLTT[C2H] instruction, 
followed by execution of 
the HALT[01H] instruction. 


Example 4: 


Example 5: 


Example 6: 


4.2 Cancellation of software power-down 


mode 


The power-down mode status outlined 


above in examples 1 to 6 can be cancelled by 
using either the interrupt pin or the RESET pin. 


(1) 


(2) 


(3) 


Use of the INT pin during external interrupt 
enabled mode (i.e. following execution of 
EN I instruction). 

O The clock generator is activated and the 
CPU started up when a “0” level is ap- 
plied to the INT pin. If this “O” level is 
maintained until at least 2 ALE output 
Signals occur, an external interrupt is 
generated, and execution proceeds from 
address 3. If, however, the power-down 
mode has been done during the interrupt 
processing routine, execution is 
resumed just after the power-down 
instruction. 

Use of the INT pin during external interrupt 

disabled mode (i.e. following execution of 

DIS | instruction or hardware reset) 

O The clock generator is activated and the 
CPU started up when a “0” level is ap- 
plied to the INT pin. If this “O” level is 
maintained until at least 2 ALE output 
signals occur, execution is resumed just 
after the power-down instruction. 

Use cf the RESET pin 

O The clock generator is activated and the 
CPU started_up when a “0” level is ap- 
plied to the RESET pin. If this “O” level is 
maintained until at least 2 ALE output 
signals occur, the CPU is reset and exe- 
cution proceeds from address 0. In case 
cancellation is done in oscillation stop 
mode, the ‘‘0” level must be input to the 
RESET PIN until oscillation is stabilized. 


——  ————— MSM8035/48, 80C39/49, 80C40/50 © 


Table 4-1 Details of Pin Status Following Execution of FLT Instruction 


Pin No. | PinName Internal ROM External ROM 





20F om 
38P P27 Floating 
40P Voc +210 +6 (VI 


Note: The FLT mode itself is reset by executing the FRES instruction, or supplying “O” level to INT or RESET pin. 
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Table 4-2 Details of Pin Status Following Execution of FLTT Instruction 





1P Floating if output enabled 
4P RESET Active 

6P INT Active Active 

20° Vs ol 

35P P24 Floating 
40P Voc 42.510 461M] 


Note: The FLTT mode itself is reset by executing the FRES instruction, or supplying “O” level toINT or RESET pin. 
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a i te 
'T11 T2173) T4 [75] T11 72173174175) T1572) 731741 75! 


va SU OA rot 


l 
| I | 
| 
ALT EXECUTEL =! | Pode Me ie ie ee 
| ae ae a 
CPU MODE a a 
XTAL 1° 2 ae Ge ae ane We oe Gt Se 
| i ae oe | 
| 


ALE 












* Cancellation Condition: Use RESET pin. 


Fig. 4-1 HALT [01H] Instruction Execution Timing Chart 


X'TAL 1 


ALE 


HALT EXECUTE} = 
CPU MODE r—1RUN S10P 


X'TAL 1° 2 ee 

| l 
han oar (ee 

aa aaa Ge eee pe ie 
| Y 

| | | 

{ | | 

| | | 

| | | 

| me 

* Cancellation Condition: Use INT pin. 


175) T1172) 731741751 71) T2173) 741 75 | 
X'TAL 1 


ALE 
| 


ons a 
CPU MODE [RUN——==ST OP? ee ET I 
X'TAL 1-2 TRIN =p sToPsts ot EL =) Ce 


RESET pin must be| | 
held at “’O”’ level | | | 
until the oscillation ! ] | 
becomes normal. ; | 


a. 1 

SS 200~ 

500K 22 
ie 


SS 20~50KQ PULLDOWN 
* Cancellation Condition: Use RESET pin. 


Fig.4-3 HLTS [82H] Instruction Execution Timing Chart 
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{ 
| 
X'TAL 1 


ALE 


I 
When a 0.47 uF capacitor is 50~ te 


connected to the SS pin, 60ms 
50~60 ms wait WAIT 


| | 
ip eae es 


| | 
Sees Ht Ss | 
SS 200~500K2-+4 = SS 200~' 

' PULLUP ! 500KQ PULLUP 


SS 20~50K 2 PULLDOWN 


* Cancellation Condition: Use INT pin. 


T5: 71; 72!173'174!75,71:7T2!T3'T4:T5 | 





Fig. 4-4 HLTS [82H] Instruction Execution Timing Chart 


4.3 Hardware power-down mode 

In the MSM80C48, MSM80C49 and 
MSM80C5O, forcing the level at the Vpp pin [pin 
26] to a “O” during either external ROM or inter- 
nal ROM mode results in suspension of the os- 
cillator function and subsequent floating (high 
impedance) of all the I/O pins except the RESET, 
SS and XTAL 1/2 pins. The CPU is thereby 
stopped while maintaining internal status. 
Details of the IC pin status at this time are out- 
lined in Table 4-3. 





4.4 Cancellation of hardware power-down 

mode 

Use of RESET pin 

The clock generator is activated and the 

CPU started up when a “1” level is applied 

to the V pin while a “O” level is input to 

the RE pin. If this “O” level is kept ap- 

plied to the RESET pin until oscillation 

become stable, the CPU will be reset and 

will start executing from address 0. The 

timing chart is outlined in Fig. 4-5. 

(2) Use of the INT pin during external interrupt 
enabled status (i.e. following execution of 
EN | instruction) 

© The clock generator is activated and the 

CPU started up when a “1” level is applied 
to the Vpp pin while a “O” level is applied to 
the INT pin. 


(1) 
O 
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(3) 


(4) 


If this “O” level is maintained until at least 2 
ALE output signals occur, an external inter- 
rupt is generated, and execution starts from 
address 3. 

However, if the power-down mode is started 
during an interrupt processing routine, exe- 
cution will be continued on the next instruc- 
tion after the present instruction. The timing 
chart is outlined in Fig. 4-6. 

Use of the INT pin during external interrupt 
disabled mode (i.e. following execution of 
DIS | instruction or hardware reset) 

The clock generator is activated and the 
CPU started up when a ‘‘1” level is applied 
to the Vpp pin while a “0” level is applied to 
the INT pin. If this ‘“O” level is maintained 
until at least 2 ALE output signals occur, ex- 
ecution is continued on the next instruction 
after the present instruction. The timing 
Chart is outlined in Fig. 4-6. 

Use of Vpp pin only 

The clock generator is activated and the 
CPU started up when a ‘‘1” level is applied 
to the Vpp pin while a “1” level_is also ap- 
plied to both the RESET and INT pins. In 
this case, execution is resumed from the 
stopped position. The timing chart is out- 
lined in Fig. 4-7. 





© MSM80C35/48, 80C39/49, 80C40/50 @ 


Table 4-3 Details of Pin Status during Hardware Power-Down Mode 





(Vpp = “1” level) (Vpp = “0” level) 
1P Floating if output enabled 
4P RESET Active 
5P Ss 20 to 50 kQ pulldown 

11P ALE Floating 
12P DBO Floating 
13P DBI Floating 
14P DB2 Floating 
15P DB3 Floating 
19P DB7 Floating 
20° vss om 

91P P20 Floating 
92P P21 Floating 
23P p22 Floating 


25P PROG Active Floating 


NO 

oO) 

ms) 
O 
O 


nN 
© 
me) 


“1” level “O” level 
27P P10 

P11 
29P P12 
30P P13 
31P P14 


Active Floating 
Active Floating 
Active Floating 
Active Floating 


Active Floating 


32P P15 Active Floating 

37P P26 Floating 

38P P27 Floating _ 
40P Voc +2 to +6 [VI 
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M1 or M2 M1 M2 H 


Pe Speen. ee ee Le es DOSER See ene See 
'T11 72! 73! T4 (75! 71! 72,/73 174175171! 72!73! 74! 75! 
a | a a ee en a a ee a a We Ee 


1 
0 
' | IFLOATING 
0 


| | ee ayy 


X'tal 1° 2 


ALE 


CPU MODE +—RUN-+---sTOP« 
X'tal 1° 2 4 tpn} tegroprsm OSC 


j|EVOKE 


| 

| ARESET pin must be held, 
| at ‘’0’’ level until the 

| oscillation becomes 
normal 
| 


| 1 
| { 
| | 
| 
| I 
| | 
I | 
! ! 
I | 


! 
| . 
Vop ' UY, i l 
Oe ae Succes lata 
RESET ry YZ | 
pat —+-ZZ2.25, t—t—4-4— oo 
! 
0 | r : : | ) | 


SS | | RESET EXECUTE——}-_}-_- +4 
S$ 200~500K2 SS 200~500K2 PULLUP 
PULLUP 7 


SS 20~50K2 PULLDOWN 
* Cancellation Condition: Use RESET pin. 





Fig. 4-5 Hardware Power-Down Mode Timing Chart 


ATT? sy old 'T5'T1!72!73'174'75!T1!T2'731 74175 | 
1 
oso 
: . 3 ae 7 | 
0 
CPU MODE poston et ta tt 


X'tal 1-2 4 trun testorrieOSC, 


When a 0.47 uF capacitor is “451 r- 
connected to the SS pin, 
50~60 ms wait. 


| 
! | 
l 
| | 
| 
| | 


aa ] l ae) l 
7 SS200~-  -&+—_+—_+— INTERRUPT EXECUTE+—+—=+1 
PULLUP 500K2 PULLUP 


SS 20~50K2 PULLDOWN 


* Cancellation Condition: Use the INT pin. 





Fig. 4-6 Hardware Power-Down Mode Timing Chart 
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el T2173 1 T5! 71!72!73:74'!75!7117T2!73'7T4! 75! 


X'tal eT 
wa i | FLOATING i | 


CPU MODE Flak leas SPs Fa a ae cS 


| 
X'tal 1-2 4—irun-t}-sror-0S¢ eon 


When a O. 47 uF ca yacitor is -|50~ b- 
connected to the SS pin, 60 ms 


' 
| 
50~60 ms wait. WAIT, 
I 


| 
| 
| 
| 
| 
| 


| | | | 
eg ee ee oe 


| = | | | | | 
$S200~ SS200~ Sa RESTART 
Pr SE ae | 500K PULLUP 


SS20~50K2 PULLDOWN 


* Cancellation Condition: Use the Vpp pin on condition 
RESET and INT pins are in “1” level. 





Fig. 4-7 Hardware Power-Down Mode Timing Chart 
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MSM80C48/MSM80C49/MSM80C50 INSTRUCTION TABLE 
3 4 5 7 8 A B Cc 
0011;0100)/0101 0114171000 10101101%1;/1100 
HALT jOUTLBUS] ADDA, M DECA |INSA,BUS| INA,P1 INA, P2 MOVD A, 
Added # data 


J 
Pp 
INC @, RO| INC @,R1} JBO addr | ADDC A, CALL JTF addr INCA INC Rr 
# data 
a Peet ee ae =o aaa 
ms 
ea el 





L 


1710171110711 1 








.¢) 1 
H 0000,;0001 
A 
0000 


0 
1 
00 


(2) 
Nn 
—_ 


XCHAG@, |XCHA@, 
RO R1 








lbs 


CPLC | MOVRr,A 
ae 
MOV R, 
JFO addr #data 


JZ addr 


CPLF1 


B MOV @ ROJ MOV @R1, 
#data #data JB5 addr | JMPP @A CALL 
ee, aes 
DEC @RO} DEC @R1 FLTT j|MOVP1 P,@ 
Added | Added | Added | R3 Added SEL RBO 
90 iar Rial 
XRL A, XRL A, XRLA, MOV PSW 
@RO @RI1 JB6 addr CALL SEL RB1 
pe ey fo) Sa «5 
DJNZ @RO}DJNZ GR1 FRES MOVP3A, 
Raa ene | 
MOV A, MOV A, MOVP1, @ 
@RO @R1 JB7 addr SEL MB1{ JC addr RLCA 
nie 


MOV MOV FLT MOVP A, 
@RO,A | @R1,A Added @ J CLRF1 
1010 


DEC Rr 


—_ 
eek 


P 
ho 
Ese ue 
MOV A, MP | ENTCNTI|JNTOaddr| cCLRA | XCHARr 
# data 
2 as aes 
XCHD | XCHD 
3 Aero | A. @R1 | JBI addr CALL |DISTCNTI| uToaddr | CPLA OUTL P1, | OUTLP2, MOVD Pp, 
0011 A A A 
a TI ed nvr 
ORLA, | ORLA, | MOVA,T] ORLA, JMP |STRTCNT|UNT1 addr) SWAPA | ORLA,Rr 
4 @RO @R1 # data 
Leib. Raa Dees! | 4 ee 
ANLA, | ANLA, | JB2addr} ANLA, | cart | STRTT | JTiaddr| DAA | ANLA,Rr 
@RO @R1 # data 
2 eo =e Poe ed 
ADDA, | ADDA, MOV A, P1 STOP 
nie A aeae ae 
f ADDCA, | ADDCA, | 144, [MOVA, P2 . 
@ RO @RI1 accr | Added CALL | ENTOCLK| JF1 addr ADDC A, Rr 
PU maa Ona ee a 
MOVXA, | MOVXA, | HLTS ORL BUS,| ORLP1, | ORLP2, -ORLD Pp, 
8 @RO @RI1 Added RET JmMP | CLRFO | JN1 addr #data | #data | #data A 
2 EET 
Movx | MOVXx ANL BUS,| ANLP1, | ANLP2, ANLD Pp, 
@ RO,A @R1,A | JB4 addr RETR CALL CLRFO | JNZaddr | CLRC # data # data # data A 
aE a 
cae 





x< 
Bs) 
> 
PY 
- 


= 
BO 
=> 







R3 Added CALL 





1111 
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EXPLANATION OF INSTRUCTION SYMBOLS 


Symbols are listed below. 


A : Accumulator 
AC : Auxiliary carry PC : Program counter 
addr 12-bit program memory address or Pp : Port indicator (p = 4 ~ 7) 
its part PSW _ : Program status word 
Bb : Bit indicator (b = 0 ~ 7) Rr : Resister indicator (r =O ~ 7) 
BS : Bank switch SP : Stack pointer 
BUS : BUS PORT T : Timer 
C : Carry TF : Timer flag 
CLK : Clock TO,T1 : Test pins TO and T1 
CNT ~~ : Counter X : External RAM 
D : 4-bit data # : Symbol denoting immediate data 
data =: 8-bit numerical value @ : Symbol denoting indirect address 
DBF  : Memory data bank flip-flop (X) : Denotes contents of X 
FO,F1 : FO flag and F1 flag ((X)) : Denotes contents addressed by X 
| : Interrupt = : Transference 
LIST OF INSTRUCTIONS 
et Basch os 


Accumulator operation instructions 


ololols! x |x|x 
SiPimlZ) 3 13/3) ¥ 
-r-lDmio -— |r orl) ere 
Di SD S| Pr] > | P| Pl > 
©|D 
Se ubo hh e 
=e | 5 3 
Fy Dp 


1 
0000001 1 03 
dz de ds ds ds d2 di do (AC), (C), (A) —(A) + data 


d 
; Oo 1 #4 +14 ~«~-4 «re 1 fo | 78~7F 
Oo 1 1 14 0 0 0. Fro | 70~71 


0 00 1 0 0 1 1 13 
d7 de ds da ds dz di do | Byte2 
1 re m1 fo 


4 
1 OO 1 


> 
oO 
0 
> 
® 
D 
co] 


> 
1s) 
we] 
> 
+ 
a 
» 

- 
© 


1 | (AC), (C), (A) —(A) + (Rr) + (C) 
(AC), (C), (A) —(A) + (Rr) + (C) 


> 
Oo 
oO 
QO 
> 
D 
s 


> 
Oo 
Oo 
O 
> 
® 
PS) 
s 


(AC), (C), (A) (A) + data + (C) 
ANL A, Rr 


jo) 


a 
@ 
i 
oi 
mi 


— 


1 | (A) —(A) AND (Rr) 


0 1 01 0 0 O fro | 50~51 (A) — (A) AND ((Rr)) 


014010 0 1 41 53 

d7 de ds ds ds d2 di do} Byte2 

; 0 1 0 0 41 +fre 1 Fo | 48~4F 1 
‘ 0 10 0 0 0 0 fo | 40~41 1 


0 1000 0 1 4 43 
G7 de ds ds ds dz di do | Byte2 


1 re 1 ro | D8B~DF 


(A) — (A) AND data 


1 | (A) —(A) OR (Rr) 
1 | (A) (A) OR ((Rr)) 


O;Oo > > > 
za za oO 
Pie) ele Q 
>| >| > | > . 
©®|2| # ® ¥ 
a 
BY os | 2 i 
B © 
» 


(A) — (A) OR data 


—_ 


(A) —— (A) XOR (Rr) 


ro | DO~D1 (A) —(A) XOR ((Rr)) 


1 1 D3 
d: do | Byte2 
1 1 


—_ 
—_ 


7 


oa 
ap 

oO} oO 

as 

Oo 

oO 

oO 
BESeoe 


(A) (A) XOR data 


o|e- 
oan 
on 
20 
a. 
Py 
20 
20 


1 1 (A) —(A) +1 


1 | (A)+(A)-1 
1 |(A)—O 
1 | (A)—(A) 


Add 6 to bits 0 ~ 3 when contents of 
accumulator bits O ~ 3 exceed 9 or 
when auxiliary carry (AC) is 1. Then 
add 6 to bits 4 ~ 7 when the result of 
adding the carry from the lower 0 ~3 

exceeds 9, or when carry (C) is 1. 

Set 1 in the carry flag if an overflow 

is generated in the end result, or when 
the carry prior to adjustmentis 1. 


_ 
—_— 
_ 
_ 
ie) —_ 
N N 


oO 
O| oO 
=a | 
oe 


© 
om me) 
oO; oO 
oO; oO 
oO;o;o;o 
= _ 
— — 
= = 
[S| 


oi 

“I 
ae 

_ 


DAA 
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LIST OF INSTRUCTIONS (CONT.) 


Classi- 
fication 


Accumulator operation instructions 


input/output instructions 


instructions 


oO 
m 
O 
Bs) 
on 
(o>) 
bea 
nN 
ay 
ey 
QO 
@ 
l 
© 
TT 


Register 
operation 


Branching 
instructions 
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Instruction Code Hexa- 5 dua 5 
: yte | Cycle escription 
De Ds Da Da Dez Di Do decimal 
7 = 


SWAP A 01000111 ae a (As~z) = (Ao~2) 


E7 Ay Ae As Aa A3 A2 A, Ao 
Rotate accumulator contents to the 
left by 1 bit. 


ey ug bo Ch Az Ag As Ag Az Az Ay Ag EI 


RLA 


RLCA 


Rotate accumulator contents with 
carry tothe left by 1 bit. 


ck yen cono 


RRA 


~J 
~J] 


Rotate accumulator contents to the 
right by 1 bit. 


Az Ag As Ag Az Az Ay Ao 
Rotate accumulator contents with 
carry tothe right by 1 bit. 


RRC A 


0) 








1 Pi Po | 3C~3 
O P:1 Po | 9C--9 
0 


1 oO 1 1 Pi Po | 8C-~8F 


00001001 | og | (A) —(P1) 
0000101 0 (A) —(P2) 
00o011%4 00 1 (P1) —(A) 
0011141 0 1 0 (P2) +-(A) 
10011001 99 

ANL P1, #data Beetgnc eee iio aie Ras (P1) —(P1) AND data 
1001 1 0 14 0] 9A 

ANL P2, #data dz de ds ds ds de di do Byte 2 pe] 2 (P2) —(P2) AND data 
10001001 89 

ORL P1, #data d7 de ds da ds de di doj| Byte2 ear (P1) —(P1) OR data 
1000101 0\| BA 2 

ORL P2, #data = | d; de ds ds ds de di do| Byte2 race (P2) —(P2) OR data 

INS A, BUS 0000100 0 pe. a | 8 | (A) (BUS) 

OUTL BUS, A 00000010 OR. | A Be | (BUS) —(A) 
100% 1000 

ANL BUS, #data dz de ds da ds dz di do Byte 2 eae (BUS) — (BUS) AND data 
1000100 0! 88 

ORL BUS, #data dz de ds da ds de di do Byte 2 Peles (BUS) — (BUS) OR data 

MOVD A, Pp 000 01 1 P: Pol oC~O a (Ao~s) — (Pp) p=4~7 

As~7) —-0 


(Pp) —(Ao~s) p=4~7 

(Pp) (Pp) AND (Ao~s) p=4~7 
(Pp) (Pp) OR (Ao~s) p=4~7 
(Rr) (Rr) +1 

((Rr)) —((Rr)) +1 

(Rr) (Rr) —1 

((Rr)) —((Rr)) - 1 

(PCe~10) «addr8~10 
(PCo~7) -addrO~7 

(PC11) —DBF 


(PCo~7) —((A)) 


=|0o 
o|°o 

oe 
ree few 
a tee 
ak 





© 
@ 
nn"; 7 mT 





Zz 
ro) 
Bs] 
=< 
oO 
oO}; oO 
oO}|o 
mh 
rand, 
= 
LX) 
= 
3 
oh, 
[0] 
l 
a 
I 


Q 
3° 
l 
S 


aio ao as O O o4~E4 
a7 ae as a4 a3 Byte 2 
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LIST OF INSTRUCTIONS (CONT.) 
















: Instruction Code 
Classi- Hexa- . 
ce (Rr) —(Rr) — 1 
DJNZ Rr, addr E8~EF) 9 (PCo~7) = —addrif (Rr) =0 
Byte 2 (PC) —(PC) +2 if (Rr) =O 
((Rr)) —((Rr)) — 1 
DJNZ@Rraddr | 1) 61 1 0 O O O EO~E1 (PCo~7) = —addrif ((Rr)) =O 
a7 @e as a4 a3 a2 at Byte 2 (PC) (PC) + 2 if ((Rr)) =O 
11414 14 0 1 1 40 F6 (PCo~7) «addr ifC=1 
a7 ase as asa as a2 a1 ao} Byte2 (PC) (PC) + 2ifC =0 
11414 0 0 14 14 =O E6 2 (PCo~7) -—addr ifC=0 
a7 a6 as a4 a3 a2 a1 ao | Byte2 (PC) +-(PC) + 2if C =1 
JZ addr 1140 0 0 14 1 =O C6 (PCo~7) -—addr ifA=0 
a7 ae as a4 a3 a2 ai ao | Byte2 (PC) —(PC) +2ifA*+O 
10 0 1 0 1 1 O 96 (PCo~7) —addr ifAx0O 
c JNZ addr a7 ae as a4 as az a1 ao | Byte2 heey lead (PC) «-(PC) +2ifA=0 
6 00114101 1 01 36 (PCo~7) addr ifTo=1 
& JTO addr a7 a6 as a4 a3 a2 a1 ao | Byte2 aaa (PC) (PC) +2 if TO=0 
Cc 
Oo 0 0 1 0 0 1 1 O 26 (PCo~7) —addr ifTO=0 
= JNTO addr a7 as as a4 as az a1 ao | Byte2 Ss (PC) +—(PC) + 2 if TO=1 
{o) 
e 0 10 141 0 1 +4 =90 56 (PCo~7) -—addr ifTi=1 
5 JT1 addr a7 ae as a4 as az ai ao | Byte2 Le (PC) (PC) +2ifT1=0 
0 1 0 0 0 4 1 O 46 (PCo~7) —addr iff1=0 
JNT1 addr a7 @e as as as a2 ai ao | Byte2 ey (PC) —(PC) +2ifT1 =1 
1 OO 1 1 oO 1 1 O B6 (PCo~7) —addr ifFO=1 
JFO addr a7 ae as as as a2 ai ao | Byte2 (PC) (PC) + 2ifFO=0 
JF1 addr oO 1 1 1 0 1 1 #O 76 (PCo~7) —addr ifFi=1 
a a7 ae as as a3 az ai ao | Byte2 (PC) (PC) + 2ifF1=0 


Sub-routine 
instructions 


Flag operation 
instructions 


Data transfer 
instructions 


1 (PCo~7) ae 
TF —O fifTF=1 
pyle’ (PC) (PC) + 2if TF =0 
JNtadd 100001 1 40 (PCo~7) addr ifiNT=O 
acer a7 ae as a4 a3 a2 a: ao | Byte2 (PC) —(PC)+2 if INT =1 
JBb adar b2 bi bo 1 0 0 1 O |12~F2 (PCo~7) addr ifBb=1 
a a7 ae as as as a2 ai ao | Byte2 (PC) —(PC)+2 if Bb =O 


((SP)) 


Oo 








(PC) +2, (PSW4~7) 


(PCs~10) +-addr8~10 
CALL addr aio ao as 1 0 14-—F4 (PCo~7) —addrO~7 
a7 a6 as @4 @3 a2 a1 Byte 2 (PC 11) —DBF 
(SP) (SP) +1 
(SP) (SP) — 1 
(SP) —(SP) —1 
RETR (PC) ((SP)) 
(PSW4~7) +—((SP)) INT END 
cine CAcecCr 
cunro res [fs fro 9 
can pas [4 Ps [or =e 
Pes Yon 0 
MOV A, @Rr 111 141 00 0 fo Fo~Fi] 1 | 1 | (A) (RP) 
0 0 1 0 0 0 1 1 23 
MOV A, #data d7 de ds ds ds dz di do | Byte2 rit (A) ~data 
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LIST OF INSTRUCTIONS (CONT.) 


instruction Code 





Classi- Hexa- 
Clas : Byte| Cycle 
fication Dr Ds Ds Ds Da Dz Di Do| decimal ey 
MOV Rr, A A8~AF | 1 | 1 
MOV @Rr, A AO~A1 | 1 | 1 
1 O 1 #14 #14 #&Fe 1 fo} B8~BF 
MOV Rr, #data d7 de ds ds ds d2 di do| Byte2 
0 1 1 0 0 0 ro! BO~B1 
MOV @Rr, #data 7 de ds da das dz di do! Byte2 


MOV A,PSW 
MOV PSW, A 
XCHA, Rr 
XCH A, @Rr 
XCHD A, @Rr 
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MOVX A, @Rr 


fo 


Data transfer instructions 
olojolo 


MOVX @Rr, A 
MOVP A, @A 
MOVP3A, @A 1 
MOVP1 P, @R3 1 
MOV P1,@R3 


ro 





_ 
eo) 
Oo 
~~ 


— 
Oo 
—_h 


_ 

oO; oO 

Oo 

oO 
O1o;o; 0; 0 


> 
@ 


ome) 
© 
° 
l 
© 
oh muh om —_ 


a [| ou 
oO; 
oO 

oO; o 
-aifoa 
—a i} = 


Cc 
F3 


@ 


— 
_ 
—h 
—_— 
ol 
oh 





MOVA, P1 
MOV A 


oO oO 

oO;o ~_ 

-_ —_ 

°o oO 

o;/o;o!}o;o;o;o;o 

_ 

= 

= _ 


OoO;jo;rol;~o;o;o;o;o; oj]; o 
onnde 
— 


o 
Nh 


o 
= 
_ 
_ 
_ 
_ 
~“ 
oO 


+] 


o!|o 
_ 
— 
_ 
— 


Oo 

Oo; Oo 

oO} ° 

=~} oO 

or 
o1;1o1o;0O1 0 

=f 


M10) an} ® oOo; mM 
mjm)|m;m nl= 
meee 4/24 
15/8) 2 319 
ee oO 415 


0 O 1 11 C5 
” 

Cc 

E p11 0 10 4 0 1] 06 
oO 

2 1114 00 1 0 14f  €E5 
a” 

= 11414 14 0 14 0 4] F5 
° 

—& | ENTOCLK Oo 114 1 0 1 0 4 75 
O 


7 


LT 
C2 


—_a | os 
— i} oO 
oO; — 

oO 
oO; Oo 
=a | = 

Le) 


oO;o0o;0;/0; 0; 0; 0 
o;o!1o 


FRES 
LT 


~—_ 
ht 
= 
oO; Oo 
om 


oO 
oO 
© 
o 


HALTS 
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MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
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Description 
(Rr) (A) 
((Rr)) = (A) 
(Rr) data 
((Rr))  +data 
(A) —(PSW) 
(PSW) +A) 
(A) (Rr) 
(A) =((Rr)) 
(Ao~s)<3((Rro~3)) 
(A) +—-((Rr)) External RAM 
((Rr))  +-(A) External RAM 
(A) —((PCa~10, A)) 
(A) —((PCo11, A)) 
(P1) —(((PCo~7)—((R3)) )) 
(P1) —((R3)) 
(A) —(P1) Latch data 
(A) +(P2) Latch data 
TINT Enable F/F —1 
TINT Enable F/F —O 


EXINT Enable F/F —1 
EXINT Enable F/F —O 


(BS) —0 
(BS) —I 
(DBF) +0 
(DBF) <1 
TO —1/3 XTAL 1 


P1,P2, BUS Floating 

CPU Output Signal Floating 
FLT, FLTT RESET 

CPU Control Clock Stop 
XTAL 1-2 Stop 


(A) —(T) 

(T) +-(A) 

(T) —[+32|[= 15}—xTAL 
(T) —T1 Clock 


(T) Count Stop 


(PC) (PC) +1 


© MSM80C35/48, 80C39/49, 80C 40/50 e 


ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Supply Voltage Voc __V 
Storage Temperature Tstq Ft 85 to +150 °C 


OPERATING RANGE 


® MSM80C35/48, 80C39/49 ... DC to 11 MHz, VCC = 5V+10% 
® MSM80C40/50 .. DC to 6 MHz, VCC = 5V+20% 


Parameter Symbol Limits Unit 
Supply Voltage Voc +2.5 to +6 V 
RAM Retention Voltage Voc P| t0 +8 V 
Ambient Temperature Tk P| 40 to +85 °C 


* 11 MHz version of MSM80C40/50 (6 MHz < XTAL1.2 < 11 MHz) is under development. 


Fan Out 


a a 
oO 
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DC ELECTRICAL CHARACTERISTICS 
(Voc = 5V+10%, Ta = —40 to +85°C) 


Parameter | Symbol |__ Conditions | Min. | Tye. | Max_| Unit | Met’ 


“H” Input Voltage (1) 


“H” Input Voltage (2) Vin 
“L” Output Voltage (3) | 0.45 
“L” Output Voltage (4) VOL 1 





o;°O 
es 
ous) 
@ 12 QO iO 


O 


“H” Output Voltage (3) VOH IOH = ~400 pA 0.75VC 
“H” Output Voltage (4) loH = 50 uA 0.75V 
“H” Output Voltage (3) VOH IOH =-20 vA 0.93VcC 


“H” Output Voltage (4) VOH 
Input Leak Current Ne 


IOH = ~10 pA 
Vss = Vin = Voc 
Output Leak Current (5) lOL Vss=Vo=Vcc 
VIN = VIH 

VIN = VIL 


0.93V¢ 


= 


RESET Input current 


aA 
nn 


SS Input current (6) Iss Pull-down (Vinj= Vj) 3 


VIN = VIH 
P1, P2 Input current Ip, Ipa 
VIN = VIL 


At hardware power down (7) 
Power Down Mode locs Ta = 25°C, Voc = 2.0V 


Standby Current At HLTS execution (7) 
Ta = 25°C, Voc = 2.0V 


Voc = 4.5V, f = 1 MHz 
Voc = 4.5V, f =6 MHz 
Voc = 4.5V, f = 11 MHz (8) 
Voc = 5V, f = 1 MHz 
Icc Voc = SV, f = 6 MHz 
Veco =5V, f= 11 MHz (8 
Vcc = 5.5V, f = 1 MHz 
Voc = 5.5V, f = 6 MHz 
Voc = 5.5V, f = 11 MHz (8) 
Voc = 4.5V, f = 1 MHz 
Voc = 4.5V, f = 6 MHz 
Voc = 45V, f= 11 MHz (8 
Voc = 5V, f = 1 MHz 
loc Voc = 5V, f = 6 MHz 
Voc = SV, f= 11 MHz (8 
Voc = 5.5V, f = 1 MHz 
Voc = 5.5V, f = 6 MHz 
Voc = 5.5V, f= 11 MHz (8) 





DOO RCE 


Power Supply 
Current (Halt Mode) 


I |b eae 
ak NO 
oO 8 QO}; Fi wd Oo 
Q 


) 


) 


Power Suppy 
Current 


mA 


es 
on 


— 
oa 


) 


— 
© 





Notes: (1) This does not apply to RESET, XTAL1, XTAL2, and Vpp. 
(2) RESET, XTAL1, XTAL2, Vpp 
(3) BUS, RD, WR, PSEN, ALE 
(4) Other outputs 
(5) High-impedance state 
(6) This operates as a pull-down resistor when the oscillation is stopped in the HLTS or hardware power-down 
mode and as a pull-up resistor in other states. 
(7) This does not contain flow out current from I/O Ports and Signal pins. 
(8) MSM80C35/48, 80C39/49 
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AC CHARACTERISTICS 
(Voc = 5V+10%, TA = 


Parameter 


Cycle Time 

ALE Pulse Width 
Address Set up ALE 
Address Hold from ALE 


Bus Port Latch Data Setup 
to ALE 


Bus Port Latch Data Hold 
from ALE 


Control Pulse Width 
(PSEN, RD, and WR) 


Data Setup before WR 

Data Hold after WR 

Data Hold after RD 

PSEN, RD to Data-in 
Address Setup toWR 
Address Setup to Data-in 
Address Float to RD, PSEN 
Port Control Setup to PROG 
Port Control Hold from PROG 
PROG to P2 Input Valid 
Output Data Setup 

Output Data Hold 

Input Data Hold from PROG 
PROG Pulse Width 

Port 2 I/O Setup to ALE 

Port 2 I/O Hold from ALE 


Note: Control output: 
Bus output: 
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—40°C to +85°C) 


Limits 


Symbol 11 MHz Clock Variable Clock (O — 11 MHz) 

PL t86 
es —165 
2/15tcey—110 
1/15tcy—40 


5/30tgy—115 
3/30tcy—45 
= 6/15tcy—245 


6/15tcy—295 
2/15tcy—140 





1.36 
150 


tcy 
tLL 


Comal 
rm 


> 


tBL 0 


oh 
—_ 


Comal 
= 


Sid Q 
ele 


5 
—, 


0 100 


5/15tcy—250 


NO 


a 
0 


oO 


6/15tcy—345 


2/15tcy—80 
4/15tc¢y—300 


6/15tcy—345 
3/15tcy—250 
10/15tcy—205 
9/30tcy—255 
3/30tcy—115 


8/15tc¢y—325 


o 


Ss ls 
FORE 
5 


o 
e) 


9/15tcy—165 


200 


+ | 
v0 |U 
nm 1d 


tpl 150 


or 
om 
ms) 


Cy. =80 pF 
CL = 150 pF [for 20 pF (twp)] 


Unit 


pS 
ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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MSM80C49 OPERATION GUARANTEE RANGE 


Ta = -40 to +85°C 


(u sec) 


—_ 
© 
fo) 


—_ 
© 


Pf} tt fp dod. —=— 1.5 MHz 
ier el ie es ee 


Cycle Time (tcy) 


ay Geis ces ees Te eS MINZ 


\ | msmgocao/sor | a Rin: 


Ram — 
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; 


NO 
& 
> 
ol 
oOo 


(V) 


Supply Voltage (Vcc) 


* 11 MHz version of MSM80C40/50 is under development 
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TIMING CHART 


instruction Fetch (from external program memory) 


tALItLA toR |} tBL| tLB 


LATCH j) ADD- / INSTRUC- \yeoLATCH ADD- 
DATA RESS TION DATA RESS 


tAD 





Read (from external data memory) 


ALE / \ / \ 


tcc 


taFCItRD 


DR 


( ‘ 4 4 ADD- 
ADDRESS ey DATA a RESS 


tAD 
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Write (to external memory) 





4 low-order bits input/output of port 2 when expanded I/O is used 
(in external program memory access mode) 


tPL 
f PORT PORT 
tPR tPF 


PORT PORT , 
tcp 


tLp tPD 
( 


tec 
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MEASUREMENT CIRCUIT 


OUTPUT 


OUTPUT 


- 
~ 
Q. 
E 
2 
oO 


INPUT 
WAVEFORM 


OUTPUT 
WAVEFORM 


OUTPUT 
WAVEFORM 





Notes: (1) This is repeated for each specified input pin. 
(2) This is repeated for each specified output pin. 
(3) Input logic for setting the specified state. 
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OKI semiconductor 
MSM80C31F/MSM80C51F 


CMOS SINGLE-COMPONENT 8-BIT MICROCONTROLLER 





GENERAL DESCRIPTION 


The OKI MSM80C31F/MSM80C51F microcontroller is a low power, high performance 8-bit single 
component device implemented in OKI’s silicon! gate complementary: metal: oxide! semiconductor 
process technology. Integrated within the device is 4K bytes of mask programmable ROM 
(MSM80C51F only), 128 bytes of data RAM, 32 I/O lines, two 16-bit timer/counters, a five-source 
two-level interrupt structure, a full duplex serial port, and an on chip oscillator and clock circuitry. In 
addition, the device has two software selectable modes for further power reduction — Idle and Power 
Down. Idle mode freezes the CPU’s instruction execution while maintaining RAM and allowing the 
timers, serial port and interrupt system to continue functioning. Power Down mode saves the RAM 
contents but freezes the oscillator causing all other device functions to be inoperative. 


FEATURES 


@ Operating temperature: 
~40 ~ +85°C (@ 12 MHz, Voc = 5V£20%) 
~20 ~ +70°C (@ 16 MHz, Voc = 5V+5%) 
e Operating frequency: 0.5 ~ 16 MHz 
CMOS technology, 2um Silicon gate 
@ Minimum instruction cycle: 


128 X 8 bits on chip RAM 

64K address space for program memory 
64K address space for external data memory 
Two 16-bit timer/counters 

Five source two-priority level interrupt 
structure 


1,08 (@ 12MHz, Voc = 5V-+20%) ia Haat see 
0.75us (@ 16MHz, Vcc = 5V+5%) oolean processor 
e ieee a euaniice @ CMOS and TTL compatible . 
Normal Operation 16 mA @ 5V, 12MHz @ CMOS ROM LESS development device 
Idle Mode 3.7mA@S5V,12MHz Sen tei F) 
Power Down Mode 50uA @ 2V ge: 
40 pin plastic DIP (DIP40-P-600) 
t 
ee set includes 111 instructions 44 pin plastic OFP (OFP44-P-910-K) 


44 pin plastic QFP (QFP44-P-910-VIK) 


On chip oscillator and clock circuitry 44 pin PLCC OFP (QFJ44-P-S650) 


32 Input/Output lines 
4069 x 8 bits on chip ROM (MSM80C51F) 


DIFFERENCES BETWEEN MSM80C31F/MSM80C51F AND 
MSM80C31/MSM80C51 


@® Operating frequency 


0.5 ~16MHz............. MSM80C31F-1/MSM80C51F-1 

0.5 ~12MHz............. MSM80C31/MSM80C51/MSM80C31F/MSM80C51F 
@ External clock input terminal 

RAL ce ea nian teen teen MSM80C31F(-1)/MSM80C51F (-1) 

KRUAL2 a ckicat he tac ataed gs MSM80C31/MSM80C51 


@ Emulation mode 
Output impedance of ALE and PSEN pins becomes about 20k{) while CPU is being reset in 
MSM80C31F/MSM80C51F. 


Any other functions and electrical characteristics of MSM80C31F/MSM80C51F except for the above 
three differences are the same as those of MSM80C31/MSM80C51. 
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CONTROL SIGNALS R/W SIGNALS 
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® MSM80C31F/80C51F @———______l-__——_'—”ne=— 
PIN CONFIGURATION 


MSM80C51FV-XXGSK/MSM80C31FVGSK 
(Top View) 44-Lead Plastic Flat Package 


MSM80C51F-XXRS/MSM80C31FRS 
(Top View) 40-Lead Plastic DIP 


RXD/P3.0 
TXD/P3.1 
INTO/P3.2 
INT1/P3.3 
T0/P3.4 
T1/P3.5 
WR/P3.6 
RD/P3.7 
XTAL2 
XTAL1 
VSS 


SOOnanawnr a= 


dLEN08W/4LSOOBN 


vcc 
P0.0/ADO 
PO.1/AD1 
P0.2/AD2 
P0.3/AD3 
P0.4/AD4 
P0.5/AD5 
P0.6/AD6 
P0.7/AD7 
EA 

ALE 
PSEN 
P2.7/A15 
P2.6/A14 
P2.5/A13 
P2.4/A12 
P2.3/A11 
P2.2/A10 
P2.1/A9 
P2.0/A8 


38 FE  Vcc 


70 
_ 
Oo 


P1.6 

P1.7 
RESET 
P3.0/RXD 
NC 
P3.1/TXD 
P3.2/INTO 
P3.3/INT1 
P3.4/TO 
P3.5/T1 


AALEOOBN 
/AALGOOBW 


vt, 
a 
+ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
N 
oc 
= 
ice) 
re) 
a 


P3.7/RD C4 13 
XTAL2 ——_] 14 
XTAL1 C4 15 


MSM80C51F-XXJS/MSM80C31FJS 
(Top View) 44 Lead Plastic Leaded Chip Carrier 


RECOMMENDED FOOTPRINT 
FOR QFD PACKAGE 


: 0.8 ae UNIT: mm 
bon (0000 
@ co 


a4 
tot 


be 
MIN 0.45 


| DOONeOOL 


Ni 
eas 


ALEOOSN 
/ALSOOSW 


toy ja 
ee & 


P3.3/INT1 
P3.4/TO 
P3.5/T1 


UU O0O0000 
@ © 


MAX 10.9 


tt tt amt ttn ts ty 
' 
tone 


t 1Bs 
a &@ 


in 


MIN 14.9 


Index mark 
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PIN DESCRIPTIONS 


Designation 


Vss 
Vcc 
Port O 


Port 1 


Port 2 


Port 3 


RESET 


ALE 


XTAL1 


XTAL2 


Description 


Ground potential 
Supply voltage during Normal, Idle and Power Down operation 


Port O is an 8-bit open drain bidirectional I/O port. It is also the multiplexed 
low-order address and data bus during accesses to external memory. 





Port 1 is an 8-bit bidirectional I/O port with internal pullups. It can drive CMOS 
inputs without external pullups. 


Port 2 is an 8-bit bidirectional I/O port with internal pullups. It Outputs the 
high-order address byte during accesses to external memory. It can drive 
CMOS inputs without external pullups. 


Port 3 is an 8-bit bidirectional I/O port with internal pullups. It also serves the 
functions of various special features, as shown below: 


Port Pin Alternate Fucntion 

P3.0 RXD ___ (serial input port) 
P3.1 TXD __ (serial output port) 
P3.2 INTO = (external interrupt) 


P3.3 INT1 (external interrupt) 

P3.4 TO {Timer O external input) 

P3.5 T1_~—s (Timer 1 external input) 

P3.6 WR _ (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 


It can drive CMOS inputs without external pullups. 


Reset input pin. A reset is accomplished by holding the RESET pin high for at 
least 1 « second, even if the oscillator has been stopped. The CPU responds 
by executing an internal reset. An internal pulldown resistor permits Power-On 
reset using only a capacitor connected to Vcc. 

This pin does not receive the power down voltage since the function has been 
transferred to the Vcc pin. 


Address Latch Enable output for latching the low byte of the address during 
accesses to external memory. For this purpose, ALE is activated twice every 
machine cycle or at a constant rate of 1/6 the oscillator frequency, except 
during an external memory access at which time one ALE pulse is skipped. It 
can drive CMOS inputs without an external pullup. 


Program Store Enable output is the read strobe to external Program Memory. 
PSEN is activated twice each machine cycle during fetches from external 
Program Memory. (However, when executing out of external Program Memory, 
two activations of PSEN are skipped during each access to external Data 
Memory.) PSEN is not activated during fetches from internal Program Memory. 
It can drive CMOS inputs without an external pullup. 








External Access input pin. When EA is held high, the CPU executes out of 
internal Program Memory (unless the Program Counter exceeds OFFFH). 
When EA is held low, the CPU executes only out of external Program Memory. 
EA must not be floated. 


Crystal 1 pin. It is an input to the inverting amplifier which forms the internal 
oscillator. It also receives the external clock signal when an external oscillator 
is used. (External clock signal should be at 50% duty and C-MOS level). 


Crystal 2 pin. It is an output of the inverting amplifier that forms the internal 
oscillator. 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 


Voltage from any Pin toVss | ovap fs 0.5 toVe 40.5 | V 
Storage Temperature | tsta | ss | 85 to +150 °C 


OPERATING RANGE 


® MSM80C31F-1/80C51F-1 ... 0.5 to 16 MHz, VOC = +5% 
® MSM80C31F/80C51F, MSM80C31/80C51 ... 0.5 to 12 MHz, VCC = +20% 


Supply Voltage Vcc fosc = aL 2 ~ 16 2.5 to +6.0 V 


RAM Retention Voltage | vPD | Power Down 2.0 to +6.0 V 
Operating Temperature | Top fo —40 to +85 °C 


*NOTICE: Stresses at or above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to 
the device. This is a stress rating only and functional operation of this device at these or any other condi- 
tions above those indicated in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions may affect device reliability. 

** DC and AC characteristics in the range of 12 MHz < f <16 MHzand 2.5V <Vcc < 4V will be specified elsewhere. 


DC CHARACTERISTICS 
(TA = —40°C to +85°; “7 = 4 to 6V: Vss = OV) 


Input Low Voltage 0. — 1 
(Except EA) 

Input Low Voltage VIL4 0.2Vcc—0.3 
To EA 








Input High Voltage Vi 0.2VCct0.9 Vocto.5 V 
(Except XTAL1, RESET) 

Input High Voltage VIH 0.7VCC Voct0.5 V 
(XTAL1 and RESET) : 

Power Down Voltage VPp V 
to Vcc in PD mode 

Output Low Voltage loL =1.6mA V 
Ports 1, 2, 3 (Note 1) 

Output Low Voltage VOL1 lOL =3.2mA V 
Port 0, ALE, PSEN 

(Note 1) 

Output High Voltage Ion =—10uA Ooo | - | - |v 
Ports 1, 2,3 


NOTE 1: Vo, is degraded when the 80C31F/80C51F rapidly discharges external capacitance. This AC noise is 
most pronounced during the emission of address data. When using external memory, locate the latch or 
304 buffer as close to the 80C31F/80C51F as possible. 








MSM80C31F/80C51F ° 
DC CHARACTERISTICS (CONT.) 


TA = -40°C to +85°C, Voc = 4 to BV, Voc = OV, fosc = 0.5 to 12 MHz 
TA = -20°C to +70°C, Voc = 4.75 to 5.25V, Voc = OV, fosc = 0.5 to 16 MHz 


Output High Voltage VOH1 IOH = —40uA 0.9VCC V 
Port O(in External Bus Mode), (Note 2) 
ALE, PSEN 

lon=—180u8 | o7svcc| - | - | v 
Logical 0 Input Current/ | V:..=0.45V - 
Logical 1 Output Current IL / uae are —10 200) pA 

_Ports 1, 2, 3 OH Vout=2. 

Logical 1 To O Transition ITL Vin = 2.0V —500 A 
Current-Ports 1, 2,3 
Input Leakage Current My Vss<Vin<Vcc +10 
Port 0, EA 
Current Normal Operation 


Maximum Power Supply Icc1 fosc = 12 MHz mA 


Current Idle Mode (Note 4) 
lose =8 MHz mA 
fose = 3.5 MHz mA 


Current Normal Operation 18 93 

Note 3 mA 
mA 
fose = 1.2 MHz mA 


“ane 


= 


A 


= 


Maximum Power Supply Icc1 fosc = 16 MHz Pie | 5.0 | coe mA 

Current Idle Mode (Note 4) 

Power Supply Current VCC = 2.0 ~ 6.0V uA 

(Power Down Mode) (Note 5) 

Capacitance of I/O Buffer Cio fo = 1 MHz 10 pF 
Ta = 25°C 
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NOTE 2: Capacitive loading on Ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall below the 
0.9 Vcc specification wher the address bits are stabilizing. 

NOTE 3: Iccis measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 10ns, Vj = Vss 
+0.5V, Vis =Voc —0.5V; EA = RESET =PORT 0 = Vcc. Icc may be higher if a crystal oscillator is used. 

NOTE 4: Idlelcc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 10ns, VIL= 
Vss +0.5V, Vin =Vcc —0.5V; EA = PORT 0 = Vcc.Icoc may be higher if a crystal oscillator is used. 

NOTE 5: Power Down Ipp is measured with all output pins disconnected; EA = PORT 0 = Vcc; XTAL2N.C.; RESET 
=Vgs. 

NOTE 6: @ Vcc = 5V+5% 










Emitting Degraded VOL 
Ports I/O Lines (peak/max) 
Address | P2,PO |  P1,P3 0.8V 





Write Data 


CLOCK PARAMETERS 


. Variable Clock 
Item Symbol freq = 0.5 MHz to 16 MHz 


es ee 


Rise Time TCLCH 


ns 
Fail Time TCHCL 


90 


EXTERNAL CLOCK DRIVE 


EXTERNAL 
OSCILLATOR 
SIGNAL 





*XTAL1 
Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 


*XTAL2 
Output from the inverting oscillator amplifier. 
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AC CHARACTERISTICS 
(Top =—40°C to 85°C; Voc = 4V to BV; Vggs =OV; 0.5 to 12 MHz; Load Capacitance for Port 0, ALE 
and PSEN = 100pF; Load Capacitance for all other outputs = 80 pF) 


EXTERNAL PROGRAM MEMORY CHARACTERISTICS 


Item Symbol Typ. Max. Unit 


ALE Pulse Width TLHLL 
Address Valid to ALE Low TAVLL 
Address Hold after ALE Low TLLAX 
ALE Low to Valid Instr. In TLLIV 
ALE Low to PSEN Low TLLPL 
PSEN Pulse Width TPLPH 
PSEN Low to Valid Instr. In TPLIV 
Input Instr. Hold after PSEN TPXIX 
Input Instr. Float after PSEN TPXIZ 
PSEN to Address Valid TPXAV 
Address to Valid Instr. In TAVIV 
PSEN Low to Address Float TPLAZ 


2TCLCL-40 
TCLCL-40 
TCLCL-35 


= 
” 


ns 
ns 
4ATCLCL-100 } ns 
TCLCL-25 ns 
3TCLCL-35 ns 
3TCLCL-105 | ns 
ns 
TCLCL-20 ns 
ns 
5TCLCL-105 | ns 


ns 


TCLCL-8 


EXTERNAL DATA MEMORY CHARACTERISTICS 


4 


Item Symbol Max. Unit 


y 


5°) 


RD Pulse Width TRLRH 
WR Pulse Width TWLWH 
Data Address Hold after ALE Low TLLAX 
RD Low to Valid Data In TRLDV 
Data Hold after RD TRHDX 
Data Float after RD TRHDZ 
ALE Low to Valid Data In TLLDV 
Address to Valid Data In TAVDV 
ALE Low to WR or RD Low TLLWL 
Address to WR or RD Low TAVWL 
Data Valid to WR Transition TQVWX 
Data Valid to WR High TQVWH 
Data Hold after WR TWHQX 
RD Low to Address Float TRLAZ 
RD or WR High to ALE High TWHLH 


6TCLCL-100 
6TCLCL-100 
TCLCL-35 


ns 
ns 
ns 
5TCLCL-165 | ns 
ns 
2TCLCL-70 ns 

TCLCL-150 | ns 

TCLCL-165 | ns 
3TCLCL+50 | ns 


ns 


3TCLCL-50 
4TCLCL-130 
TCLCL-60 
7TCLCL-150 
TCLCL-50 


ns 
ns 
ns 
ns 


TCLCL-40 TCLCL+40 ns 
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AC TIMING DIAGRAMS 


EXTERNAL PROGRAM MEMORY READ CYCLE 


1 Ce Se 





«— TLHLL—>|~_ aaa 





TLLPL |. oo 
ALE 
TLLAK af 
PSEN TPXAV 
— <—TPXIZ 
TPXIX—e| Le 
>: UNSTR IND 
PORTO INSTRIN ¢;| A0-A7 aac ¢] INSTR IN DPX A0-A7 
PORT2 og sER_P2 ADDRESS A8—A15 f 
EXTERNAL DATA MEMORY READ CYCLE 
TELOV 233 ee TWHLH —» 
ALE . 
PSEN TLLWL ——» 
TLLAX TRLRH 
RD es ae 
TAVWL————> TRHDX—»> 
PORT 0 4 Ao-a7_ ss [KX 4 DATA IN SSS) 
| FAUOV TRLAZ 
ADDRESS 
PORT2 on SER_P2 ‘ ADDRESS A8—A15 OR SFR—P2 
EXTERNAL DATA MEMORY WRITE CYCCLE 
TWHLH 
ALE 
PSEN 
as 
WR 
TWHOX 
TQVWH 


ADDRESS , ADDRESS A8—A15 OR SFR—P2 
PORT2 OR SFR-P2 
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AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS 


INPUT/OUTPUT 


‘ 


AC inputs during testing are driven at 2.4V for a logic “1” and 0.45V for a logic “O”. Timing measurements are 
made at 2.0V for a logic “1” and 0.8V for a logic “0”. For timing purposes, the float state is defined as the point 
at which a PO pin sinks 3.2 mA or sources 400,A at the voltage test levels. 


2.4 
2.0 


TEST POINTS ) 
08 


0.8 
0.45 





SERIAL PORT TIMING 


1/O EXPANSION MODE 
(TA = —40°C to +85°C; Vcc = 4 to BV; Vss = OV, 0.5 to 12 MHz; Load capacitance = 80 pF) 


SERIAL PORT (I/O EXPANSION MODE) 


MACHINE CYCLE | 


LALLA nnn 


|+-TxLxt>| 


TOQVXH |<——»| |<—TxHax 


OUTPUT DATA V9 AU KX 2 X33 KX 4 KS OX 6X7 / 


¢ 
WRITE TO SBUF TXHDV |-=—+|—| |= TXHDX 


INPUT DATA (aX Nive XvarwoKX vari AvaioX vaio Avani Kvario) 
LJ | 


CLEAR R1 
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OLE 


CYCLE ——____——_—- M1 M1 ——_—- M2 M1 
S1,S2,S3, $4, S85, S86] S1, S2, S3, S4, S5, S6| S1, S2, S3, S4, S5, S6] S1, S2, S3, S4, S5, SE 








STEP 
XTAL1 =} nbrhnhrhniniahrhnhabarbrhenbnnnhnn 
e) 
ALE 1 
0 
PSEN 1 
0 
RD/WR 1 
0 
: SPSRASEPSEDTU Se CEREDREES 
PORT-O 6) =e oe 
port-2 i” PCH | PCH | pat 
ae eS RE EL ee ee ee a DATA STABLE 
CPU-PORT * CH Wh 
Ee a ee Ss ae ee 
PORT—CPU ¢ PORT OLD DATA 
0 
instruction decording Instruction decording | | | | | Instruction decording | | 
ee Instruction execution | instruction execution | jInstruction execution 





—— eee ee ee ee ee ee ee 
— <= << com> que awe CmEe «ae ows ane aoe 


LYVHO ONIWIL DISVE 
SWYOSAAVM AHOOTD 


6 41G908/S LEDOSINSWN 





EXTERNAL PROGRAM MEMORY FETCH 


XTAL 1 


ALE 


PSEN 


PORTO 


PORT 2 


XTAL 1 


ALE 


PSEN 


PORTO 


PORT 2 


Oo 


(oe) 


0 


—_ 


io) 


—k 


fe) 


Oo 


— 


oO 


— 


jo) 


os 


M1 M1 or M2 


S1., S2., S3 , S4 , SS, S6 $1, S2 S3._, S4 , S5 


INST i, 
lore loa Sear | ea 


S6 S1 


7 oe OUT 4 i OUT Ee ‘ OUT ar : OUT ae 
PCH OUT PCH OUT PCH OUT PCH OUT PCH OUT 


READ CYCLE 1 (MOVX A, @Rr) 


M1 CSS 


$1 S2 $3 S4 S$ S6 $1 S2 $3 S4 S5 
| \ 





PCH OUT PCH OUT PORT 2 LATCH DATA OUT 


PCH OUT 


MSM80C31F/80C51F @ 


311 


® MSM80C31F/80C51F @—__HH_-_WHH_——-.. 


READ CYCLE 2 (MOVX A, @DPTR) 


M1 M2 


Si !| S2 {| S3 {| S4 !1 S5 | S6 S1 | $2 S3 | S4 ! S&S | S6 S1 | 


XTAL 1 


ALE 


PORT O 


PORT 2 PCH OUT PCH OUT DPH OUT PCH OUT 
0 


WRITE CYCLE 1 (MOVX, @Rr, A) 





M1 M2 


$1 { S2 | S3 {| S4 | SS | S6 Si ; S2 | S3 | S4 | S& | S6 S1 


| 
1 
XTAL 1 
0 


ALE 
0 
1 
PSEN 
0) 
| 
1 
WR | 
o— —-7- 
INST IN 
1 


p 
PORTO spe ae ACC DATA OUT aie 
0 
be ie | 
1 : 
PORT 2 PCH OUT PCH OUT PORT 2 LATCH DATA OUT PCH OUT 
0 
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WRITE CYCLE 2 (MOVX A, @DPTR, A) 








M1 —————— | ——_—__________- M2 ee 


si ! s2 1 s3 | S4 {| S5 | S6 S1 | S2 1! S3 | S4 ! S5 |! S6 S1_ | 












XTAL 1 
0 
1 
ALE 
0 
| 
1 
PSEN 
0 
| 
1 
Bs ; 
WR 
— ees 
| 
‘ INST IN 
PORTO Ee Ee TAOUT oa 
4 i ges OUT yarn OUT ae | mecbaTaouT oa 
1 
PORT 2 PCH OUT PCH OUT DPH OUT PCH OUT 
0 : 
PORT OPERATION 
M1 M2 
S1 | S2 | S3 | S4 | S5 se | Si | S2 | S83 | S41 S5 | S6 S1 | 
1 
XTAL 1 
fe) 
| 
1 
ALE 
fe) 
1 
PSEN 
fe) 
| 
Yj; 
PORT 0,1,2,3, YY | 
PIN DATA Ls | 
fe) 
| | 
GeU DATA | SoM Mer AGUE | 
SAMPLED! | | ! 
| 
0 
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INSTRUCTION SET DETAILS 


Instruction Code -_ Hexa- 
Mnemonic : Byte | Cycle Explanation 
D7 De Ds Da Da Dz Di Do | decimal 


ADD A, direct 0010010 1 25 
a7 a6 as a4 a3 a2 ai aoj Byte2 


ADD A, @Ri 0 0 1 


NO 


(A) — (A) + (direct) 


1 1 1 a (A) —(A) + ((Ri)) 


0 0 
ADD A, #data 00100100 24 (A) — (A) + #data 


d7 de ds ds da de di do| Byte2 
ADDC A, Rn 0 0 1 1 #1 =e nm No | 38~3F 


ADDCA direct |0 0110101 35 
a7 ae a5 a4 a3 a2 ai ao| Byte2 
ADDC A, GRi 0011011 4 ~ 37 


ADDC A, #data 0011010 0 34 
d7 de ds da ds d2 di do| Byte2 


98 ~9 


(A) — (A) +(C) + (Rn) 
(A) — (A) + (C) + (direct) 


(A) —(A).+ (C) + ((Ri)) 
(A) — (A) +(C) + #data 


SUBB A, Rn 


ey) N 
G N 
“TI N 


(A) — (A) — ((C) + (Rn)) 


N 





SUBB A, direct 1001010 1 95 (A) — (A) — ((C) + (direct)) 
a7 a6 as a4 a3 a2 a1 ao| Byte2 
SUBB A, @Ri 100101 1 14 196~97 za (A) —(A) — ((C) + ((Ri))) 
” 
5 SUBBA,#data |1 00101001 94 (A) — (A) — ((C) + #data) 
s d7 de ds ds ds d2 di do} Byte2 
S| INCA 00000100 hat (A) —(A) +1 
2 INC Rn 000 0 1 nem no |08~OF Lea (Rn) —(Rn) +1 
= | INCdirect 00000101 05 (direct) — (direct) +1 
* a7 a6 as as as a2 ai ao| Byte2 
INC @Ri 000001 1 1 |06~07 e2ee ((Ri)) — (Ri) +41 
INC DPTR 10100011 | as | a | 2 (DPTR) —(DPTR) +1 
DECA 00010100 p14 fot [oa | (A) —(A) —1 
DEC direct 0001010 1 1 (direct) — (direct) — 1 
a7 a6 as a4 a3 @A2 a1 ao 
DEC @Ri 00010111 f16~17] 4 | 4 (Ri) — ((Ri)) — 1 
MUL AB 10100100 pas fot | 4 | (Bis ~ @), (A7~ 0) —(A) X (B) 
DIVAB 10000100 | a4 | 1] a | (Ais ~ @), (By ~ o) —(A)/(B) 
DAA 110% 0100 D4 Contents of Accumulator are BCD, 
IF [{((As ~ o) > 9] or ((AC) = 1]] 
THEN (A3 ~ o) — (As ~ 0) +6 
AND 
IF [[((A7 ~ 4) > 9] OR[(C) = 1]] 
THEN (A7~ ) —(A7~ 4) +6 
ANL A, direct 0101010 1 55 (A) — (A) AND (direct) 
a a7 a6 as a4 a3 @2 a1 ao! Byte2 
_ 
g S| ANLA, #data 0101010 0| 54 2 (A) — (A) AND #data 
© d7 de ds ds ds deze di do| Byte2 
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INSTRUCTION SET DETAILS (CONT.) 


a7 ae as as a3 a2 a: ao | Byte2 
0 1 0 0 0 1 


ANL direct, 1 53 3 (direct) — (direct) AND #data 
Byte 2 
Byte 3 


#data a7 a6 as @« a3 @2 a1 





d7 de ds ds d3 do di 


ORL A, direct 0100010 1 45 (A) — (A) OR (direct) 
a7 ae as as a3 @2 ai ao| Byte2 

ORLA, @Ri 01000111 (A) — (A) OR ((Ri)) 

| ORLA, #data 01000100| 44 (A) — (A) OR #data 
d7 de ds ds d3 dz di do|} Byte2 


(direct) — (direct) OR A) 


ORL direct, A 010000 #1 0 42 
a7 a6 as as a3 a2 a1 ao} Byte2 


BS 


ORL direct, 010000 1 1 


(direct) — (direct) OR #data 
#data a7 ae as as a3 a2 a1 ao} Byte2 
d7 de ds ds ds d2 di do]| Byte3 


Oo 1 
0110010 41 65 
a7 a6 as as a3 a2 a1 ao| Byte2 





XRL A, Rn 1 (A) — (A) XOR (Rn) 


(A) — (A) XOR (direct) 






XRL A, direct 







’ 














XRL A, @Ri 0110041 £1 1 |66~67 (A) — (A) XOR ((Ri)) 
XRL A, #data 01100 00 (A) — (A) XOR #data 
d7 de ds d« d3 d2 di do| Byte2 


















S2lsoalso 
fon) ron) 
oo] oN > 
nO nm 





@ | XRL direct, A 0110001 0 (direct) — (direct) XOR (A) 
2 a7 a a5 as a3 a2 @1 @o 
© 
@ | XR direct, 0o110001 1 (direct) — (direct) XOR #data 
oS #data a7 a6 as as a3 @2 ai ao 
8 dz de ds ds ds dz di do| Byte3 
o 
Ss (A) —O 
F4 (A) — (A) 


Yas [he [As [As As [Ae [Av [Ao 


The contents of the accumulator 
are rotated left by one bit. 


ne) 
wo 





LE HAS Tae [a [ae [as [AeA Ro 


The contents of the accumulator 
and carry are rotated left by one bit. 


[ar [Re [As [Ae] Aa] Ae [Av [Ap 


The contents of the accumulator 
are rotated right by one bit. 


Az [As [As |A« [As [Az |A1|Ao 
The contents of the accumulator 
and carry are rotated right by one 
bit. 





w 


03 


RRC A 00010 0 1 1 


SWAP A 1100 0 1 0 0 


@) 
re 


—_ 
cd) 
( 
_ ~ 


(As ~ 0) (Ar ~ 4) 
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INSTRUCTION SET DETAILS (CONT.) 


|___Instruction Co Code Hexa- | 
Minemnone Byte |Cycle Explanation 
D7 De Ds Ds Da D2 D: Do | decimal 


| MOVA,Rn | Rn. ne ni p14 4 0 1 nem no 10104 0 1 nem no [EB~EF| er] 1 | 14 | (A) — (Rn) 


pena direct 0 0 a peepee 
a7 : : a4 a3 a2 . ao | Byte2 


pues ee rte a= 


MOV A, #data (A) — #data 
ve ‘ - si i Shee 


MOV Rn, A ne tae ne Fa ~FF FF] 1 | ee (Rn) —(A) 


MOV Rn, direct ne ni No ead AF (Rn) — (direct) 
a7 - i as a3 a2 a1 ao} Byte2 
MOV Rn, #data n2 nt th 78 ~7F 
- 7 - de di Byte 2 
MOV direct, A F5 (direct) — (A) 
a7 ae " as a3 a2 . ao | Byte2 
MOV direct, Rn 000 n2 ni no|88~8F| 2 2 | (direct) — (Rn) 
a7 @6 as a4 a3 a2 a1 ao| Byte2 
MOV direct 1, 1000010 1 (direct 1) — (direct 2) 
direct 2 a} ag ag af a% a3 af ag Byes 
a} ag aj aj aj} aj aj aj | Bytes 
MOV direct, @Ri 000 0 86 ~ 87 (direct) — ((Ri)) 
@7 ae a a4 a3 a2 iM . Byte 2 
MOV direct, 1 (direct) — #data 
#data : i : as . a2 a1 ao ae 
rr tse de ds ds ds d2 di: do ae ae 


| @Ri, direct 0 0 A6 ~ icaes ((Ri)) — (direct) 

. . : a4 as iM ai Byte 2 
MOV @Ri, #data 76~77 ((Ri)) —#data 

ve ee Ms a Me - ey a Byte 2 
MOV DPTR, 10014000 0 (DPTR) — #data. 
#data 16 d1s d14 di3 d12 d11 dito do da ne 

d7z7 de ds ds dz dz di do| Byte3 
MOVC A, @A+ 0 0 0 0 (A) — ((A) + (DPTR)) 
DPTR 


| MOVCA, @A+PC| perrceraects: (PC) —(PC) + 1, (A) —((A) + (PC) 
E2~E3 ae (A) —((Ri)) External RAM 
| o | 1 | 2 |(A—(OPTR) External RAM 
MOVX @Ri, A F2~F3 oa ((Ri)) —(A) External RAM 
MOVX @DPTR, A ((DPTR)) —(A) External RAM 


PUSH direct 0 00 0 0 @) (SP) — (SP) +1 
a7 = @s a4 a3 a2 a1 ao ee ((SP)) — (direct) 
POP direct 0 0 0 ’ (direct) — ((SP)) 
se as ; as a2 a1 a nyte 2 (SP) — (SP) —1 


XCHA, Rn nt no |C8~CF EnKE (A) (Rn) 


XCH A, direct 0 0 0 (A) | (direct) 
a7 ae as a4 a3 a2 ai ao eee 


(Rn) — #data 





Data transfer 
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INSTRUCTION SET DETAILS (CONT.) 


Instruction Code Hexa- 
Mnemonic Byte jCycle Explanation 
D7 |Dr De Ds Ds Ds De D1 Do Ds Ds Ds Dz Di Do} decimal 


Cc 
E| XCHDA on (SEEEERICC o7 Fane (hoa (Rio~ a) 








CLR bit 0 00 0 (bit) —O 
. : “ bs bs bs be . ae 
SETB bit 11 0 _ - cet 
és bz be bs % ee 
fe) 
3 
= CPL bit 1011 B2 2 (bit) — (bit) 
FS b7 be bs bs — sd : Byte 2 
2 | ANLC,bit 00000 82 (C) —(C) AND (bit) 
= y be bs bs bs be bi Byte 2 
w 
as ANL C,/bit 1 0 000 ° (C) —(C) AND (bit) 
3 b7 be is bi bs be bi Brie 
8 ORL C, bit O11 100 72 (C) — (C) OR (bit) 
bz be bs bas bs ba bi Byte 2 
ORL C,/bit 1 0 0000 2 (C) — (C) OR (bit) 
b7 be bs bs be bi b eo 
MOV C, bit 1010 0 0 A2 1 (C) — (bit) 
bz be bs ba bs be bi Byte 2 
MOV bit, C 0 010 0 92 (bit) —(C) 
“ be bs bs bs be bi Byte 2 
ACALL addr 11 ai as as 100 0 1/7) Bytel (PC) — (PC) +2 
a7 a6 as as a3 a2 a1 ao| Byte2 (SP) —(SP) +1 
((SP)) —(PC7z ~ o) 
(SP) — (SP) +1 
((SP)) — (PCis5 ~ a) 
(PC) — page address 
LCALL addr 16 0 0010 0 1 O 12 (PC) —(PC) +3 
@15 A14 413 G12 Ait A10 ag Byte 2 (SP) — (SP) +1 
a7 ae as a4 a3 a2 a1 ac| Byte3 ((SP)) —(PC7 ~ o) 
(SP) — (SP) +1 
o ((SP)) — (PC 15 ~ a) 
£& (PC) — addris ~ o 
6 
= (PC15 ~ 8) — ((SP)) 
ie (SP) —(SP) —1 
E (PC7 ~ o) — ((SP)) 
S) (SP) —(SP) —1 
o 


RETI 


(PC 15 ~ 8) — ((SP)) 
(SP) — (SP) —1 
(PC7 ~ o) — ((SP)) 
(SP) —(SP) — 1 
AJMPaddr11 |aw as as 0 0 O O Byte1 | 2 | 2 | (PC)—(PC) +2 
a7 ae a5 as a3 a2 a: ao| Byte2 (PC 10 ~ o) -~ page address 
LUMP addr 16 000000 1 0 3 2 (PC) —addris ~ o 
€@15 A14 13 A12 @11 A10 ag as mae 
a7 a6 a5 a4 a3 a2 ai ao|}] Bytes 


He | 
m 
+ 
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INSTRUCTION SET DETAILS (CONT.) 


Program branching 


318 


Instruction Code 
Mnemonic 
Dz De |D7 Ds Ds Da Ds Dz Di Do Ds Ds Deo D: Do 


cReeeeaHs 80 
4 Byte 2 


SJMP rel 


JMP @A+DPTR 0 


JZ rel i O 
r3 

JNZ rel 0 
: i 7 3 


ret 


JNC rel Oo 1 0 
"7 Ye fs f4 


JB bit, rel 
JNB bit, rel 
JBC bit, rel 


CJUNE A, direct, 
rel 


CJUNE A, #data, 
rel 


CJUNE Rn, #data, 
rel 


CJNE @Ri, 
#data, rel 


DJNZ Rn, rel 


DJNZ direct, rel 


0 
0 O 


f2 


at 


2 


N11 











B8 ~ BF 
Byte 2 
Byte 3 


B6 ~ B7 
Byte 2 
Byte 3 


D8 ~ DF 
Byte 2 


a 
oO 


Byte 2 
Byte 3 


Hexa- 


NO 





Explanation 
(PC) —(PC) +2 
(PC) — (PC) + rel 


| 2 | (Pc) — (A) + (DPTR) 


a —(PC) +2 
IF (A) =O THEN (PC) —(PC) + rel 
(PC) —(PC) + 2 
IF (A) + O THEN (PC) — (PC) + rel 
(PC) —(PC) +2 
IF (C) #1 THEN (PC) —(PC) +rel 
(PC) —(PC) +2 
IF (C) #0 THEN (PC) — (PC) + rel 
(PC) —(PC) +3 


IF (bit) = 1 THEN (PC) — (PC) + rel 


(PC) —(PC) +3 
IF (bit) =O THEN (PC) — (PC) +rel 


(PC) (PC) +3 
IF (bit) = 1 THEN (bit) —O 
(PC) (PC) + rel 


(PC) —(PC) +3 

IF (direct) < (A) THEN (PC) — (PC) 
+rel and (C) —0O 

IF (direct) > (A) THEN (PC) — (PC) 
+ reland (C) —1 


(PC) —(PC) +3 

IF #data < (A) 
THEN (PC) — (PC) +rel and 
(C) —-O 

IF #data> (A) THEN (PC) — (PC) + 
rel and (C) —1 


(PC) — (PC) +3 

IF #data < (Rn) THEN (PC) — (PC) 
+ rel and (C) —0O 

IF #data> (Rn) THEN (PC) — (PC) 
+ reland (C) —1 


(PC) — (PC) +3 

IF #data < ((Ri)) THEN (PC) — 
(PC) + rel and (C) —O 

IF #data> ((Ri)) THEN (PC) — 
(PC) +rel and (C) —1 


(PC) —(PC) +2 
(Rn) — (Rn) —1 
IF (Rn) #0 THEN (PC) — (PC) + rel 


(PC) — (PC) +3 

(direct) — (direct) — 1 

IF (direct) #O THEN (PC) — (PC) 
+ rel 


(PC) —(PC) +1 


———_—_—_—— SS SSS SSS Oe MSMS0C31F/SOC5IF © 


NOTES ON THE INSTRUCTION SET AND THE ADDRESSING MODES 


Rn — 


direct — 


@Ri - 


#data — 
#data16 — 
addr16 — 


addr11 — 


rel — 


bit = 


Register R7-RO of the currently 
selected Register Bank. 

8-bit internal data location’s address. 
This could be an Internal Data RAM 
location (0 — 127) or a SFR [i.e., 1/O 
port, control register, status register, 
etc. (128 — 255)]. 

8-bit internal data RAM location (O — 
255) addressed indirectly through 
register R1 or RO. 

8-bit constant included in instruction. 
16-bit constant included in instruction. 
16-bit destination address. Used by 
LCALL & LUMP. A branch can be 
anywhere within the 64K-byte 
Program Memory address space. 
11-bit destination address. Used by 
ACALL & AJMP. The branch will be 
within the same 2K-byte page of 
program memory as the first byte of 
the following instruction. 

Signed (two’s complement) 8-bit offset 
byte. Used by SUMP and all conditional 
jumps. Range is —128 to +127 bytes 
relative to first byte of the following 
instruction. 

Direct Addressed bit in Internal Data 
RAM or Special Function Register. 


INSTRUCTIONS THAT AFFECT FLAG SETTINGS: 


INSTRUCTION 


ADD 
ADDC 
SUBB 
MUL 
DIV 

DA 
RRC 
RLC 
SETBC 





FLAG INSTRUCTION FLAG 


CLRC 

CPL C 

ANL C, bit 
ANL C,/bit 
ORL C, bit 
ORL C, /bit 
MOV C, bit 
CJNE 





" Note that operations on SFR byte address 208 or bit 
addresses 208-215 (i.e., the PSW or bits in the PSW) will 
also affect flag settings. 
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APPLICATION EXAMPLES 


+5V 


40 















10 pF 
ta 
=10pF 18 
8.2K 
= 9 
+5V RESET 
10uf 
31 os 
EA | 
7 P3.0 (RXD) 
a7 3-1 (TXD) 
73} P3.2 (INTO) 
6 a7] P3-3 (INT) 
Te] P3-4 (TO) 


P3.5 (T1) 
| P3.6 (WR) 
P3.7 (RD) 4) 
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~ PSEN 


OV Sj WN 


1/0 


PS 
MSM82C43 


COl 4) Dj O1) &} COT RO] 


1/0 


EXPANDER 20 0 


N 
-_ 
-_ 
_ 


om 
| 





PO.0 
PO.1 
PO.2 
PO.3 
PO.4 
PO.5 
PO.6 
PO.7 


1/0. 


WINIZISISISIZis 
NOT OI “IIOOT CO 
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The following software driver is required to interface to the 82C43 


Mixing Parallel Output, Input, and 
Control Strobes on Port 2. 


IN82C43 INPUT DATA FROM AN 82C43 I/O EXPANDER 
CONNECT TO P23-P20 
P25 & P24 MIMIC CS/ & PROG 
P27-P26 USED AS INPUTS 
PORT TO BE READ IN ACC 
IN82C43 MOV A, #11010000B 
MOV P2,A ;OUTPUT INSTRUCTION CODE 
CLR P2.4 ;FALLING EDGE OF PROG 
ORL P2,#00001111B SET FOR INPUT 
MOV A,P2 ;READ INPUT DATA 
SETB P2.4 -RETURN PROG HIGH 
Pe Pe Ne oer eT Tan 
Address Instruction 
P21 P20 Code | P23 P22 Code 
et ee 
o oO Pot4 | 0 O Read 
0) 1 PotS ; O 1 Write 
1 0 Pot6 | 1 0 ORLD 
1 1 Port7 1 1 1 ANLD 


1/O Expansion Using an 82C43 
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APPLICATION EXAMPLES (CONT.) 


+5V 


40 20 


+5V 


RESET 





MSM80C51F 


EA 


P3.0 (RXD) 
P3.1 (TXD) 
P3.2 (INTO) 
P3.3 (INT1) 
P3.4 (TO) 

P3.5 (T1) 

P3.6 (WR) 
P3.7 (RD) ALE 





PSEN 
30 29 
+5V 





RESET 
MSM80C51F 


EA 


P3.0 (RXD) 
P3.1 (TXD) 
P3.2 (INTO) 
P3.3 (INT1) 
P3.4 (TO) 
P3.5 (T1) 
P3.6 (WR) 
P3.7 (RD) , 


1/0 


E PSEN 














MSM80C31F/80C51F ® 


25 1/0 


PO.1 
PO.2 
P0.3 
PO.4 
PO.5 
P0.6 







CONTI Of Bl ColAgt =» 


25 1/0 


Multiple 80C51F’s Using Half- Duplex Serial Communication 
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APPLICATION EXAMPLES (CONT.) 


+5V 


19 v v 
P1.0 
10pF— | 
id p12 
CI P13 1/0 
= P14 























18 
10 pF Ass 
8.2 K P17 
—. P P2.0 
~ +5V RESET oe +5V GND 
10 uf MSM8O0OC51F p23 
P2.4 
P25 
P2.6 
US P27 
i“ P3.0 (RXD) P0.0 
a7] P3-1 (TXD) PO.1 
We a1 P32 (INTO) P0.2 
ari P33 (INT1) P0.3 
ae] P3-4 (TO) P0.4 
rey P35 (TH) PO.5 
P3.6 (WR) P0.6 eco 
P3.7 (RD) —— PC1 
ALE — PSEN 
7 MSM81C55 __spc2 ie 
7] PC3 
PC4 
9 PC5 
10 
PBO 
"1 PBI 
PB2 
PB3 
PB4 
i PBS 
= Jel Timer P86 
= PB7 
OUT IN 
CAN BE SUPPLIED BY SYSTEM RESET : rr 
OR PORT LINE OF 80C51 
ee, 
. TIMER 
Adding a Data Memory and I/O Expander 
+5V 
40 20 
19 1 
I [ 2 
OPEN 1 
COLLECTOR OpF 3 
INVERTERS Cc 
DEVICE > 1. Ta s 
1 ~ 18 
10 pF 5 
8 
2 8.2K 21 
1 9 22 1/0 
REWICE S~ +5V RESET a , 
2 
10 uf MSM80C51F 55 
; +5V 3 
DEVICE = EA 28 
° 10 
3 Y vo & qq P3.0 (RXD) ; 
Taq P3.1 (TXO) PO.1 B35 
P3.2 (INTO) P0.2 Fe 
P3.3 (INT1) P0.3 Fae 
P3.4 (TO) P0.4 
DEVICE P3.5 (T1) POS 
4 P3.6 (WR) P0.6 
P3.7 (RD) a ¢ 


Multiple Interrupt Sources 


322 





MSM80C31F/80C51F @ 


3 7 
O11 0111 
INC 
INCA . INC @RO INC @R1 
direct 
DECA ; DEC @RO | DEC @Ri1 
direct 
ADDA ADD A, ADD A, ADD A, 
#data direct @RO @R1 
DDC A, ADDC A, ADDC A, ADDC A, 
#data direct @RO @R1 
ORL A, ORL A, ORLA, ORLA, 
‘ #data direct @RO @R1 
ANL ANL A, ANL A, ANL A, ANL A, 
direct, A #data direct @RO @R1 
XRL XRLA, XRL A, XRL A, XRLA, 
direct, A #data direct @RO @R1 
ORL C, JMP MOV A, MOV G@RO, | MOV @R1, 
bit @A+DPTR #data #data #data 
ANLC, MOVC A, ‘ MOV MOV MOV 
bit @A+PC IVA direct 1, 
direct 2 


MSM80C31/MSM80C51 INSTRUCTION CODES 


0 1 4 
0000 0001 0) 0100 






























O AJMP LJMP 
0000 address 11 |address 16 
(Page 0) 
; ACALL 
ee ee address 11 
(Page 0) 
: AJMP 
re 0 JB a address 11 
i (Page 1) 
: ACALL 
yes 1 ae It address 11 
(Page 1) 
4 JC bit, AJMP 
address 11 
0100 rel (Page 2) 
5 ACALL 
0101 JNC rel 
ote [ am 
7 
0111 JNZ rel 
8 
1000 SJMP rel 
MOV DPTR, 
#data 16 
A 
1010 
B : 
1011 ANL C/bit 
C PUSH 
1100 direct 
D POP 
1101 direct 
E MOVX A, 
1110 @DPTR 
F MOVX 
1111 @DPTR,A 


address 11 
(Page 2) 
2BYTE 3BYTE 
MNEMONIC 












LCALL 
address 16 









RETI 
R 
direct, A 


RET 
ORL 











AJMP 
address 11 
(Page 3) 


ACALL 
address 11 
(Page 3) 


AJMP 
address 11 
(Page 4) 


ACALL 
address 11 
(Page 4) 


AJMP 
address 11 
(Page 5) 


ACALL 
address 11 
(Page 5) 


AJMP 
address 11 
(Page 6) 


ACALL 
address 11 
(Page 6) 


AJMP 
address 11 
(page 7) 


ACALL 
address 11 
(page 7) 





Oo 
m 


































direct, direct, 
@RO @R1 
MOV bit, | MOVCA, | SUBBA, | SUBBA, | SUBBA, | SUBBA, 
C @A+DPTR| #data direct @RO @Rt 
are ©, | INcDPTR | MULAB 
CUNE A, 4 CJNE @ROW CJUNE @R1, 
CPL bit CPLC direct 
rel 
XCHA, | XCHA, | XCHA, | 
DJNZ 
SETBbit | SETBC DAA direct, | *CHOA, | XCHDA, 
rel @RO @RI1 
MOVXA, | MOVXA,| Gina MovA, | MOVA, | MOVA, 
@RO @RI direct @RO @R1 
MOVX MOVX enna MOV MOV MOV 
@RO,A | @RI,A direct,A | @RO.A | @RI,A 










MOV @RO, | MOV @RA1, 





ORL C/bit 














































2 CYCLE 4CYCLE 
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8 A B C E F 
1000 1010 1011 1100 1110 1111 
INC RO INC R1 INC R2 INC R3 INC R4 INC R5 INC R6 INC R7 
DEC RO DEC R1 DEC R2 DEC R3 DEC R4 DEC R5 DEC R6 DEC R7 
ADD A, RO ADD A, R1 ADD A, R2 ADD A, R3 ADD A, R4 ADD A, R5 ADD A, R6 ADD A, R7 
ADDC A,RO | ADDCA,R1 | ADDCA,R2 | ADDCA,R3 | ADDCA,R4 | ADDCA,R5 | ADDCA,R6 | ADDCA, R7 
ORL A, RO ORLA, R1 ORLA, R2 ORL A, R3 ORLA, R4 ORL A, R5 ORL A, R6 ORL A, R7 
ANL A, RO ANLA, R1 ANLA, R2 ANL A, R3 ANL A, R4 ANLA, R5 ANL A, R6 ANL A, R7 
XRL A, RO XRLA,R1 XRLA, R2 XRLA, R3 XRLA,R4 | XRLA,R5 XRL A, R6 XRL A, R7 
MOV RO, MOV R1, MOV R4, MOV R5, MOV R6, MOV R7, 
#data #data #data #data #data #data 
MOV MOV MOV MOV MOV MOV MOV MOV 
direct, direct direct, direct, direct direct, direct, direct, 
RO R1 R2 4 R5 R6 

2 


















































R3 R46 R7 
SUBB A, SUBB A, SUBBA SUBB A, SUBB A, SUBB A, SUBB A, SUBB A, 
RO 1 R R3 R4 R5 R6 R7 
MOV RO, MOV Ri, MOV R2, MOV R3, MOV R4, MOV R35, MOV R6, MOV R7, 
direct direct direct direct direct direct direct direct 
CJNE RO, 
#data, 
rel 
XCHA, XCHA, XCHA, XCHA, XCHA, XCH A, XCH A, XCH A, 
RO R1 R2 R3 R4 R5 R6 R7 
DJNZ RO, DJNZ R11, DJNZ R2, DJNZ R3, DJNZR4, DJNE R5, DJNE R6, DJNE R7, 
rel rel rel rel rel rel rel rel 
MOV A, RO MOV A, R1 MOV A, R2 MOV A, R3 MOV A, R4 MOV A, R5 MOV A, R6 MOV A, R7 
MOV RO, A MOV R1,A MOV R2,A MOV R3,A MOV R4,A MOV RS5,A MOV R6,A MOV R7,A 
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OKI semiconductor 
MSM80C154/ MSM83C154. 


CMOS 8-bit One-Chip Microcontroller 





GENERAL DESCRIPTION 


The MSM83C154/MSM80C154 is a high performance 8-bit one-chip microcontroller implementing large 
integration, high speed and low power consumption by 2 um silicon gate CMOS process technology. 

The MSM83C154 features 16K byte ROM, 256 byte RAM, 32 I/O ports, three 16-bit timer/counters, 
multifunctional serial port and clock generator. In addition, the MSM83C154 has three standby modes 
enabling further power reduction. 

The MSM80C154 is identical to the MSM83C154 except the omission of 16K byte ROM. 


FEATURES 
@ Fully static circuit 
@e On-chip program memory : 16K x 8 bit ROM (MSM83C154 only) 
e On-chip data memory : 256 x 8 bit RAM 
@ External program memory address space : 64K bytes 
e External data memory address space : 64K bytes 
e 1/0 ports 
(Port 1,2, 3, impedance programmable) : 32 
@ 16-bit timer/counters 


(includes watch dog timer & 32 bit timer) : 3 

e Multifunctional serial port : 1/0 Expansion mode 
: UART mode (featuring error detection) 

e 6-source 2-priority level 

interrupt and multi-level 

interrupt available by programming IP and IE registers 
@ Memory-mapped special function registers 
e Bit addressable data memory and SFRs 


e Minimum instruction cycle : 1.0us @ 12 MHz operation (MSM80C154/MSM83C 154) 

: 0.75us @ 16 MHz operation (MSM80C154-1/MSM83C 154-1) 
e@ “Multiply’’/‘‘divide” instruction cycle : 3 us @16 MHz operation 
@ Standby functions : Idie mode (CPU halt) 


: Power down mode (Oscillator stop) 
Activated by Software or Hardware; Providing ports with 
floating or active status 
The software power down mode is terminated by 
interrupt signal enabling execution from the interrupted 
address. 
@ Lower power consumption achieved by 2 um silicon gate CMOS process 
Upward compatible with MSM80C51/80C31 
e Packages : 40 pin plastic DIP (DIP40-P-600) 
44 pin plastic QFP (QFP44-P-910-K) 
44 pin plastic QFP (QFP44-P-910-VIK) 
44 pin PLCC (QFJ44-P-S650) 
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9ZE 


XTALI 


XTAL2 


ALE 


PSEN 


EA 


RESET 


P1.0 


P3.0 


“i 


P2.0 











' N 

i tke 

‘16 

Ten Ko) CONTROL SIGNAL R/W SIGNAL 
P27 a ee 

SPECIAL 

PO.O FUNCTION 

' io) 

ite 16 KWORD } pp K_> REGISTER 

{|e ADDRESS 

DECODER 
PO.7 usr a, 


ZN 


imei 
ae 





TIME R/COUNTERO & 1 









WVYSVIG NOOTE LINDYIO 


e VSLDES/VSLOOSWSW e 
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PIN CONFIGURATION 


MSM83C154-X XRS/MSM80C154RS MSM83C154V-XXGS/MSM80C154VGS 
(Top-View) 40 Lead Plastic DIP (Top-View) 44 Lead Plastic Package 


2 

oO 

a 

~ 

ise) 

P1.5 

P1.6 

P1.7 
RESET 
P3.0/RXD 


NC 
P3.1/TXD 


P3.0/RXD[10 
P3.1/TXOL 
P3.2/INTOLL2] P3.2/INTO 
P3.3/INT1 (73) P3.3/INT1 
P3.4/TOTTA] ; P3.4/TO 
P3.5/T1/HPDI(15] : P3.5/T1 


s<e 
oOo oo 
Oo WwW 
86 
oa o 
-& A 
< < 


“pS L008/DE8W 


- © 





3 


XTAL2(18] | 
° 


RO 
> a 


P3.6/WR CJ 
P3.7/RD 


MSM83C154-X XJS/MSM80C154JS *1 RECOMMENDED FOOTPRINT 
(Top-View) 44 Lead Plastic Leaded Chip Carrier FOR QPD PACKAGE 


000001 


@3) 


NOL 


P1.0/T2 


RD 


MIN 0.45 





MAX 10.9 
MIN 13.9 


P3.2/INTOT*. 
P3.3/INT1 


sant nf de looogooadg 
J (20 3 é | @) 


MAX 10.9 





MIN 14.9 





/ Index mark 





PIN FUNCTIONS 


Pin Name Description 


PO.O ~ PO.7 Bidirectional |/O ports. They are also the data/address bus (input/output 
of data and output of lower 8-bit address when external memory is accessed). 
They are open drain output when used as |/O ports, but tri-state output when used 
as data/address bus. 


P1.0~P1.7 P1.0 to P1.7 are quasi-bidirectional !/O ports. They are pulled up internally when 
used as input ports. Two of them have the following secondary functions: 
@P1.0 (T2) : Used as external clock input pin for the timer/counter 2. 
@P1.1 (T2EX)  : Used as trigger input for the timer/counter 2 to be reloaded 
or captured; causing the timer/counter 2 interrput. 
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PIN FUNCTIONS (CONT.) 


Pin Name 


P2.0 ~ P2.7 


P3.0 ~ P3.7 


ALE 


PSEN 


RESET 


XTAL1 
XTAL2 
Vcc 
Vss 
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Description 


P2.0 to P2.7 are quasi-bidirectional 1/O ports. They also output the higher 8-bit 
address when an external memory is accessed. They are pulled up internally when 
used as input ports. 


P3.0 to P3.7 are quasi-bidirectional I/O ports. They are pulled up internally when 
used as input ports. They also have the following secondary functions: 
@P3.0 (RXD) 
Serial data input/output in the |/O expansion mode and serial data input in the 
UART mode when the serial port is used. 
eP3.1 (TXD) | 
Synchronous clock output in the 1/O expansion mode and serial data output in 
the UART mode when the serial port is used. 
@P3.2 (INTO) 
Used as input pin for the external interrupt 0, and as count-up control pin for the 
timer/counter 0. 
@P3.3 (INT1) 
Used as input pin for the external interrupt 1, and as count-up control pin for the 
timer/counter 1. 
eP3.4 (TO) 
Used as external clock input pin for the timer/counter O. 
@P3.5 (T1) 
Used as external clock input pin for the timer/counter 1 and power down mode 
control input pin. 
e P3.6 (WR) 
Output of the write strobe signal when data is written into external data memory. 
eP3.7 (RD) 
Output of the read strobe signal when data is read from external data memory. 


Address latch enable output for latching the lower 8-bit address during external 
memory access. Two ALE pulses are activated per machine cycle except during 
external data memory access at which time one ALE pulse is skipped. 


Program store enable output which enable the external memory output to the bus 
during external program memory access. Two PSEN pulses are activated per 
machine cycle except during external data memory access at which two PSEN 
pulses are skipped. 





When EA is held at “‘H” level, the MSM83C154 executes instructions from 
internal program memory at address OOOOH to 3FFFH, and executes instructions 
from external program memory above address 3FFFH. 

When EA is held at ““L”’ level, the MSM80C154/MSM83C154 executes instructions 
from external program memory for all addresses. 


if this pin remains “‘H” for at least 1 uw second, the MSM80C154/MSM83C154 is 
reset. Since this pin is pulled down internally, a power-on reset is achieved by 
simply connecting a capacitor between Vcc and this pin. 





Oscillator inverter input pin. External clock is input through XTAL1 pin. 
Oscillator inverter output pin. 
Power supply pin during both normal operation and standby operations. 


GND pin. 





DATA MEMORY AND SPECIAL FUNCTION REGISTER 


LAYOUT DIAGRAM 


DATA RAM 





| 








OF8H 

OFOH 

OEOH 

ODOH 
OCDH 
OCCH 
OCBH 
OCAH 
OC8H 
OB8H 
OBOH 
OA8H 
OAOH 


99H 
98H 
90H 
8DH 
8CH 
8BH 
8AH 
89H 
88H 
87H 
83H 
82H 
81H 


lIOCON 


RCAP2H 
RCAP2 
T2CON 


ACC 
PSW 
TH2 
TL 


NO 


rm 


P3 


P2 
SBUF 
SCON 


—_ 


<= 


n 4/4/a}/a/a 

me) Z<irc riz 
O1O 171 Pelr 
O 


- 


TCON 
PCON 


DPL 


DIRECT BIT ADDRESSING 


REGISTER ADDRESSING 


DIRECT BYTE ADDRESSING 


INDIRECT ADDRESSING 
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DETAILED DIAGRAM OF SPECIAL FUNCTION REGISTERS 


Direct 
Byte 
Address 


OF8H 


OFOH 


OEOH 


ODOH 


OCDH 
OCCH 
OCBH 
OCAH 


OC8H 


OB8H 


OBOH 


OA8H 


OAOH 


99H 


98H 


90H 






Bit Address 


(MSB) 
WDT T32 SERR 


SA Se 


[or [oe [oe [o« [0s [or [or [oo 


Not Bit Addressable 
Not Bit Addressable 


Not Bit Addressable 
Not Bit Addressable 






TF2 EXF2 RCLK TCLKEXEN2 TR2 C/T2 CP/RL2 


PCT PT2 


rer [— [0 [sc [ee [eA] oo | os 
efecto iss [sls lee 


ET2 


Peewee ee 
rar [ae [as [aa [as [2 [ms [oO 


SM2 REN TB8 RB8 


rar [ee [eo [oc [os ]on [oo [os 
(97 | 26 | 95 | 94 | 93 | o2 | 91 | 90 | 


SMO SM1 


(LSB) 


IZC P3HZ P2HZ P1HZ ALF 


RS1 


ES 


RSO OV 


PT1 PX1 


ET1 EX1 


PTO PXO 


ETO EXO 


TI 


Special 
Function 
Register 
Symbol 


1IOCON 


ie) 


ACC 


PSW 


TH2 
TL2 
RCAP2H 
RCAP2L 


T2CON 


P 


vu 


3 


E 


ba 0 | 


2 


SBUF 


SCON 


ae 


1 


331 





© MSM80C154/83C154 @ 


Special 
Direct Function 
Byte Register 
Address Bit Address Symbol 


(MSB) 


TF1 TRI TFO TRO 1E1 iT1 1EO ITO 
[ar [ae [eo [ec] ee | ea] oo | cs | 


Not Bit Addressable 
Not Bit Addressable 


rar [a6 [os |e [es [eer] w0 
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SPECIAL FUNCTION REGISTERS 


Timer mode register (TMOD) 


anise "| 6 5 4 3 2 1 Oo. 
BIT LOCATION FLAG FUNCTION 
~ -TMOD.O- MO M1 {; MO ' Timer/counter 0 mode setting 
0 | 0. | Bbit timer/counter with 5-bit prescalar, 
0} 1 1 16bittimer/counter. = 
4 | 0 | 8+bit timer/counter with 8-bit auto reloading, = 
TMOD.1 mi | 1! 1 | Timer/counter 0 separated into TLO (8-bit) timer/ 
; counter and THO (8-bit) timer/counter. TFO is set 
| by TLO carry, and TF1 is set by THO carry. 
TMOD.2 Timer/counter 0 count clock designation control bit. 


XTAL1 +2 divided by 12 clocks is the input applied to timer/counter 
O when C/T = “0”. 

The external clock applied to the TO pin is the input applied to 
timer/counter O when C/T = “1”. 


TMOD.3 GATE When this bit is ‘‘0’’, the TRO bit of TCON (timer control register) is 
used to control the start and stop of timer/counter 0 counting. 

If this bit is ‘“1’’, timer/counter O starts counting when both 

the TRO bit of TCON and INTO pin input signal are ‘'1’’, and stops 
counting when either is changed to ‘‘0’’. 





2 
| 


TMOD.4 M1 | MO | Timer/counter 1 mode setting. 
eee ers Perera S pete as oe wee ee ae ee eae 
O ! O  ! 8-bit timer/counter with 5-bit prescalar. 
0 1 ! 16-bit timer/counter. 
~--- -4-----b --- = - 2-5 ee + -- 
1 {| QO 1 8-bit timer/counter with 8-bit auto reloading. 
TMOD.5 H----41--- - 5 - - - ee He He ee 
1 |; 1 Timer/counter 1 operation stopped. 
TMOD.6 Timer/counter 1 count clock designation control bit. 


XTAL1 +2 divided by 12 clocks is the input applied to timer/counter 
1 when C/T = “0”. 

The external clock applied to the T1 pin is the input applied to 
timer/counter 1 when C/T = “1”. 


TMOD.7 GATE When this bit is ‘‘O’’, the TR1 bit of TCON is used to control 

the start and stop of timer/counter 1 counting. 

If this bit is ‘‘1’’, timer/counter 1 starts counting when both 

the TR1 bit of TCON and INTT1 pin input signal are ‘1'', and stops 
counting when either is changed to ‘’0”’. 
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Power control register (PCON) 


BIT LOCATION 
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NAME 


PCON 


PCON.O 


PCON.1 


PCON.2 


PCON.3 


PCON 4 
PCON.5 


PCON.6 


PCON.7 


ADDRESS 


Ss 
~“O 
w 


FLAG 
IDL 


GFO 


GF1 


HPD 


LSB 
6 5 4 


3 2 1 0 
sm [aon | wo [wo] - [ort [oro] wo | we 


FUNCTION 


IDLE mode set when this bit is set to ‘1’. CPU operations are 
stopped when IDLE mode is set, but XTAL1°2, timer/counters 0, 1, 
and 2, the interrupt circuits, and serial port remain active, IDLE mode 
is cancelled when the CPU is reset or when an interrupt is generated. 


PD mode set when this bit is set to ‘“’1'’. CPU operations and XTAL1°2 
are stopped when PD mode is set. PD mode is cancelled when the CPU 
is reset or when an interrupt is generated. 


General purpose bit. 

Testing this flag when IDLE mode is cancelled by an interrupt shows 
whether the interrupt is a normal interrupt or an IDLE mode release 
interrupt. 


General purpose bit. 

Testing this flag when PD mode is cancelled by an interrupt shows 
whether the interrupt is a normal interrupt or a PD mode release 
interrupt. 


Reserved bit. The output data is ‘'1" if the bit is read. 


Bit used to specify cancellation of CPU power down mode (IDLE or 
PD) by interrupt signal. 

Power down mode cannot be cancelled by interrupt signal if interrupt 
is not enabled by IE (interrupt enable register) when this bit is “0”. 
If the interrupt flag is set to ‘’1” by an interrupt request signal when 
this bit is ‘‘1’’ (even if interrupt is disabled), the program is executed 
from the next address of the power down mode setting instruction. 
The flag is reset to “‘O”’ by software. 


The hard power down setting mode is enabled when this bit is set to 
a | nie 

If the level of the power failure detect signal applied to the HPDI pin 
(pin 3.5) is changed from ‘'1" to “0” when this bit is “1, XTAL1 -2 
oscillation is stopped and the system is put into hard power down 
mode. HPD mode is cancelled when the CPU is reset. 


When the timer/counter 1 carry signal is used as a clock in mode 1, 
2 or 3 of the serial port, this bit has the following functions. 

The serial port operation clock is reduced by 1/2 when the bit is 
“O"' for delayed processing. And when the bit is ‘1’’, the serial port 
operation clock is normal for faster processing. 
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Timer control register (TCON) 


BANE “ 6 5 4 3 2 1 ioe 
TCON 88H TF1 TR1 TFO TRO 1T1 10 | ITO 

BIT LOCATION FUNCTION 
TCON.O ITO External interrupt O signal used in level detect mode when this bit is 


“O’’, and in trigger detect mode when ‘'1"’, 


TCON.1 interrupt request flag for external interrupt O. 
Bit is reset automatically when interrupt is serviced. 


Bit can be set and reset by software when ITO = ‘'1"’. 


TCON.2 1T1 External interrupt 1 signal used in level detect mode when this bit is 
“O’’, and in trigger detect mode when ‘'1"’, 


TCON.3 Interrupt request flag for external interrupt 1. 
Bit is reset automatically when interrupt is serviced. 


Bit can be set and reset by software when IT1 = “1”. 


TCON.4 TRO Counting start and stop control bit for timer/counter 0. 
Timer/counter O starts counting when this bit is ‘’1’’, and stops 
counting when “0”, 





TCON.5 TFO Interrupt request flag for timer interrupt O. 
Bit is reset automatically when interrupt is serviced. 
Bit is set to ‘1°’ when carry signal is generated from timer/counter O. 


TCON.6 TR1 Counting start and stop control bit for timer/counter 1. 
Timer/counter 1 starts counting when this bit is ‘‘1'’, and stops 
counting when ‘'0”, 


TCON.7 TF1 Interrupt request flag for timer interrupt 1. 
Bit is reset automatically when interrupt is serviced. 
Bit is set to ‘’1'’ when carry signal is generated from timer/counter 1. 
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Serial port control register (SCON) 


NAME 


SCON 
BIT LOCATION 


SCON.O 


SCON.1 


SCON.2 


SCON.3 


SCON.4 


SCON.5 


SCON.6 


SCON.7 
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ADDRESS 


98H 
FLAG 


Tl 


TB8 


Be) 
m 
4 : 


SM1 


MSB LSB 
7 6 5 4 3 2 1 0 
FUNCTION 


“End of serial port reception” interrupt request flag. 

This flag must be reset by software during interrupt service routine. 
This flag is set after the eighth bit of data has been received when in 
mode O, or by the STOP bit when in any other mode. In mode 2 

or 3, however, RI is not set if the RB8 data is “O’’ with SM2 = ‘'1”’. 
RI is set in mode 1 if STOP bit is received when SM2 = ‘'1"’. 


“End of serial port transmission” interrupt request flag. This flag 
must be reset by software during interrupt service routine. 

This flag is set after the eighth bit of data has been sent when in 
mode O, or after the last bit of data has been sent when in any other 
mode. 


The ninth bit of data received in mode 2 or 3 is passed to RB8. 
The STOP bit is applied to RB8 if SM2 = ‘‘0”’ when in mode 1. 
RB8 can not be used in mode 0. 


The TB8 data is sent as the ninth data bit when in mode 2 or 3. 
Any desired data can be set in TB8 by software. 


Reception enable control bit 
No reception when REN = ‘‘0”. 
Reception enabled when REN = “1”, 


If the ninth bit of received data is ‘'0’’ with SM2 = ‘'1"’ in mode 2 or 
3, the “end of reception”’ signal is not set in the RI flag. 

Nor is the ‘‘end of reception”’ signal set in the RI flag if the STOP 
bit is not “1” when SM2 = ‘'1". in mode 1. 


O !' O |! O | 8Hit shift register 1/0 
0 1 1 | 4! 8bitUART variable baud rate 
1 1 0 $ 2° | 9bit UART 1/32 XTAL1, 1/64 XTAL1 
i sean a | baud rate 
4101 4 1 3 | Obit UART variable baud rate 


Interrupt enable register (1E) 


NAME 


IE 


BIT LOCATION 


1E.0 


1E.1 


1E.2 


IE.3 


1E.4 


IES 


1E.6 
1E.7 


ADDRESS 


OA8H 


FLAG 
EXO 


ETO 


EX1 


ET1 


m 
” 


ET2 
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MSB LSB 
7 6 5 4 3 2 1 0 
FUNCTION 


Interrupt control bit for external interrupt O. 
Interrupt disabled when bit is ‘’O”. 
Interrupt enabled when bit is ‘1’. 





Interrupt control bit for timer interrupt O. 
interrupt disabled when bit is ‘‘O”’. 
Interrupt enabled when bit is “1”. 


Interrupt control bit for external interrupt 1. 
Interrupt disabled when bit is ‘‘0”’. 
Interrupt enabled when bit is ‘'1”". 


Interrupt control bit for timer interrupt 1. 
Interrupt disabled when bit is ‘‘O”’. 
Interrupt enabled when bit is ‘1”’. 


Interrupt control bit for serial port. 
Interrupt disabled when bit is ‘‘0’’. 
Interrupt enabled when bit is 1”. 


Interrupt control bit for timer interrupt 2. 
Interrupt disabled when bit is ‘‘0’’. 
Interrupt enabled when bit is ‘1°’. 


Reserved bit. The output data is ‘‘1’’ if the bit is read. 


Overall interrupt control bit. 
All interrupts are disabled when bit is “’O”’. 
All interrupts are controlled by IE.O thru 1E.5 when bit is ‘'1”’. 
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Interrupt priority register (IP) 


LSB 
6 5 4 3 2 1 0 
P= [ore [os [on [rm [pro | vx 


FUNCTION 


BIT LOCATION 


IP.O PXO Interrupt priority bit for external interrupt O. 
Priority is assigned when bit is ‘’1’’. 





IP.1 PTO Interrupt priority bit for timer interrupt 0. 
Priority is assigned when bit is ‘1°’. 


IP.2 PX1 Interrupt priority bit for external interrupt 1. 
Priority is assigned when bit is ‘’1"’. 


IP.3 PT1 Interrupt priority bit for timer interrupt 1. 
Priority is assigned when bit is ‘1’. 


IP .4 Interrupt priority bit for serial port. 
Priority is assigned when bit is ‘’1’’. 


IP.5 PT2 Interrupt priority bit for timer interrupt 2. 
Priority is assigned when bit is ‘’1"’. 


IP .6 ae Reserved bit. The output data is ‘'1’’ if the bit is read. 


IP.7 PCT Priority interrupt circuit control bit. 
The priority register contents are valid and priority assigned 
interrupts can be processed when this bit is ‘‘0’’. When the bit is 
“1"" the priority interrupt circuit is stopped, and interrupts can only 
be controlled by the interrupt enable register (IE). 
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Program status word register (PSW). 


NAME 


PSW 
BIT LOCATION 


PSW.0 


PSW.1 
PSW.2 


PSW.3 


PSW.4 


PSW.5 
PSW.6 


PSW.7 


ADDRESS 


ODOH 
FLAG 


O!tn 
< 


> 
oO 


< 


Cast | ASD 
a 
<s 


MSB LSB 
0 


FUNCTION 


Accumulator (ACC) parity indicator. 
“4 when the “1” bit number in the accumulator is an odd number, 
and ‘‘0’’ when an even number. 


User flag which may be set to “0” or ‘‘1"’ as desired by the user. 


Overflow flag which is set if the carry C6 from bit 6 of the ALU or 
CY is 1" as a result of an arithmetic operation. The flag is also 
set to ‘1’ if the resultant product of executing a multiplication 
instruction (MUL AB) is greater than OF FH, but is reset to “0” 

if the product is less than or equal to OF FH. 


RAM register bank switch 


BANK | RAM ADDRESS 
00H — 07H 





18H — 1FH 


User flag which may be set to “0” or ‘’1"’ as desired by the user. 





Auxiliary carry flag. 

This flag is set to ‘'1"' if a carry C, is generated from bit 3 of the 
ALU as a result of executing an arithmetic operation instruction. 
In all other cases, the flag is reset to ‘‘O”’. 


Main carry flag. 

This flag is set to ‘1’ if a carry C, is generated from bit 7 of 

the ALU as result of executing an arithmetic operation instruction. 
If a carry C, is not generated, the flag is reset to “0”. 
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1/O control register (IOCON) 


BIT LOCATION 
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NAME 


IOCON 


1OCON.O 


1OCON.1 
IOCON.2 
IOCON.3 
IOCON 4 


10CON.5 


IOCON.6 


IOCON.7 


ADDRESS 


OF8H 


FLAG 
ALF 


P2HZ 
P3HZ 
IZC 


SERR 


T32 


WDT 








MSB LSB 
7 6 5 4 3 2 1 0 
WDT T32 SERR | IZC | P3HZ | P2HZ | PIHZ ALF 
FUNCTION 








if CPU power down mode (PD, HPD) is activated with this bit set to 
“4"' the outputs from ports 0, 1,2, and 3 are switched to floating 
Status. 

When this bit is ‘0’, ports 0, 1, 2, and 3 are in output mode. 


Port 1 becomes a high impedance input port when this bit is ‘'1’’. 








Port 2 becomes a high impedance input port when this bit is ‘1°’. 


Port 3 becomes a high impedance input port when this bit is ‘1’. 


The 10 kohm pull-up resistance for ports 1, 2, and 3 is switched off 
when this bit is “’1’’, leaving only the 100 kohm pull-up resistance. 


Serial port reception error flag. 

This flag is set to ‘1°’ if an overrun or framing error.is generated 
when data is received at a serial port. 

The flag is reset by software. 


Timer/counters 0 and 1 are connected serially to form a 32-bit 
timer/counter when this bit is set to ‘’1”’. 
TF1 of TCON is set if a carry is generated in the 32-bit timer/counter. 


Watchdog timer mode is set when this bit is set to ‘'1’’. And if TF1 
is set to ‘'1'’ after watchdog timer mode has been set, the CPU is 
reset and the program is executed from address 0. 
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Timer 2 control register (T2CON) 











LSB 
NAME ADDRESS 4 3 2 1 0 
T2CON OC8H TF2 | EXF2} RCLK } TCLK |] EXEN2 C/T2 | CP/RL2 
BIT LOCATION FLAG FUNCTION 
T2CON.0 CP/RL2 Capture mode is set when TCLK + RCLK = “0” and CP/RL2 = “1”. 
16-bit auto reload mode is set when TCLK + RCLK = “0” and 
CP/RL2 = “0”. 


CP/RL2 is ignored when TCLK + RCLK = ‘1. 


T2CON.1 C/T2 Timer/counter 2 count clock designation control bit. 
The internal clocks (KTAL1°2 +12, XTAL1°2 + 2) are used when 
this bit is ‘‘0’’, and the external clock applied to the T2 pin is passed 
to timer/counter 2 when the bit is “1”. 


T2CON.2 TR2 Timer/counter 2 counting start and stop control bit. 
Timer /counter 2 commences counting when this bit is ‘’1’’ and stops 
counting when “0”. 





T2CON.3 EXEN2 T2EX timer/counter 2 external control signal control bit. 
Input of the T2E X signal is disabled when this bit is ‘‘O’’, and 
enabled when ‘'1"’. 





ae a Reeder Soe 
T2CON.4 TCLK Serial port transmit circuit drive clock control bit. 

Timer/counter 2 is switched to baud rate generator mode when this 

bit is ‘’1’’, and the timer/counter 2 carry signal becomes the serial 

port transmit clock. 

Note, however, that the serial ports can only use the timer/counter 2 

carry signal in serial port modes 1 and 3. 


























Serial port receive circuit drive clock control bit. 

Timer/counter 2 is switched to baud rate generator mode when this 
bit is ‘’1'’, and the timer/counter 2 carry signal becomes the serial 
port receive clock. 

Note, however, that the serial ports can only use the timer/counter 2 
carry signal in serial port modes 1 and 3. 


T2CON.5 RCLK 

















T2CON.6 Timer/counter 2 external flag. 
This bit is set to ‘’1"’ when the T2EX timer/counter 2 external 
control signal level is changed from ‘’1" to “0” while EXEN2 = “1”. 
This flag serves as the timer interrupt 2 request signal. If an interrupt 
is generated, EXF2 must be reset to ‘’0’’ by software. 

T2CON.7 Timer/counter 2 carry flag. 


This bit is set to ‘1’ by a carry signal when timer/counter 2 is in 
16-bit auto reload mode or in capture mode. 

This flag serves as the timer interrupt 2 request signal. If an interrupt 
is generated, TF2 must be reset to ‘‘0’’ by software. 
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LIST OF INSTRUCTIONS 


LIST OF INSTRUCTION SYMBOLS 


VAIL tT ti 


bit address 
code address 
data 

relative offset: 
direct address: 
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: Accumulator 

: Register pair 

: Auxiliary carry flag 

: Arithmetic operation register 
: Carry flag 

: Data pointer 

: Program counter 

: Register indicator (r = 0 ~ 7) 
: Stack pointer 

: Logical product 

: Logical sum 

: Exclusive OR 

: Addition 

: Subtraction 

: Multiplication 

: Division 

: Denotes the contents of X 

: Denotes the contents of address determined by the contents of X 
: Denotes the immediate data 

: Denotes the indirect address 

: Equality 

: Non equality 

: Substitution 

: Substitution 

: Negation 

: Smaller than 

: Larger than 

: RAM and the special function register bit specifier address (b, ~ b,) 
: Absolute address (A, ~ A, .) 
: Immediate data (I, ~ I,) 


Relative jump address offset value (R, ~ R,) 
RAM and the special function register byte specifier address (a, ~a,) 
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MSM80C154/MSM83C154 INSTRUCTION TABLE 


0 1 2 3 4 7 
0000 0001 0010 0011 0100 0111 


AJMP 




















































































0 LJMP INC 
address 11 RRA INCA : INC @RO INC @R1 
ACALL | 
JBC bit, | address 11 arene DEC A ad DEC @RO | DEC @RI 
(Page 0) NW 
? AJMP 
JB bit, ADDA,| ADDA, ADD A, 
i al 
ACALL 
3 JNB bit, ADDC A, |ADDCA,) ADDCA, | ADDCA, 


(Page 1) 














































AJMP ORL 
. address 11 ORL direct, ORLA, ORLA, ORLA, 
0100 (Page 2) direct, A direct @RO @R1 
ACALL ANL 
JNC rel address 11 ANL direct, 
0101 (Page 2) direct, A 















XRL 
direct, 


AJMP 
JZ rel address 11 
(Page 3) 












XRL 
direct, A 


XRLA, 
direct 


XRLA, XRLA, 
@RO @R1 


MOV @R1, 
#data 


SUBB A, 
@RO @R1 


MOV @RO, | MOV @R1, 
direct direct 
















' address 11 
(Page 3) 


JNZ rel 








8 SJMP rel | address 11 ANL C, | MOVC A, 


1000 Thi bit @A+PC 
9 | Mov ACALL "Mov bit, |MOVCA, 
DPTR address 11 | C @A+DPTR 
#data 16 




















(Page 4) 


AJMP 
ORAL C,bit | address 11 
(Page 5) 


ACALL 
ANLC,bit | address 11 
(Page 5) 














































CJNE A, }CJNE A,\) CJNE @RO, 











CPL bit 















































AJMP 
ne address 11 XCH A, XCH A, 
irect (Page 6) direct @R1 
ACALL 
ae address 11 
(Page 6) 













E | MOVX A, Pete MOV A, 
1110[ @DPTR [press direct 
ACALL 
a woere A address 11 rae lean 
; (Page 7) rect, @ ) 








2 BYTE 
MNEMONIC 


2 CYCLE 4 CYCLE 
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8 


A C 
1000 1010 1100 1110 
R 


7 


1111 


INC R7 


DEC RO 


INC RO INC R1 INC R2 INC R3 INC R4 INC R5 INC R6 

DEC R1 DEC R2 | DECR3 | DEC R4 ; DEC R5 | DEC R6 | DEC R7 

2 ADD A, | ADDA, | ADDA, ; ADDA, | ADDA, | ADDA, | ADDA, | ADDA, 
R R1 R2 R3 4 R5 R6 

ADDC A, | ADDC A, | ADDC A, ADDC A, | ADDC A, | ADDC A, 

RO R1 R4 R5 R6 

ORLA, ORLA, 

R4 R5 





ADDC A, 


g 8 
—_ 6 O 
© oO 
ELE 
~J ~J 





4 ORLA, | ORLA 
0100 RO R1 R3 
ANLA, | ANLA ANLA, | ANLA, 

R1 R2 R3 

XRLA, 

- R2 


’ 
s 
e 









BS) BS) 
io) o) 











XRLA, XRLA, XRLA, 
R6 R7 
MOV RO, MOV R2, MOV R6, | MOV R7, 
#data #data #data #data 
MOV MOV MOV MOV MOV MOV MOV MOV 
1000 | direct, direct, direct, direct, direct, direct, direct, direct, 
RO R1 R2 








SUBB A, | SUBB A, | SUBBA, 
RO R1 R2 
MOV RO, | MOV R1, | MOV R2, 
direct direct direct 


1 CJUNE R1, 1} CJNE R2, 
#data, #data, 
rel rel 















MOV R33, 
direct 


MOV R4, 
direct 


MOV R65, 
direct 


MOV R6, | MOV R7, 
direct direct 


XCH A, XCH A, 
R1 R2 R6 
p . 
DJNZ RO | DJNZ R1 | DJNZ R2, DJNZ R4, | DJNE R5,|OJNE R6,| DJNE R7, 
rel rel rel rel rel 
MOV A, MOV A, MOV A, MOV A, MOV A, MOV A, MOV A, MOV A, 
R1 R2 R3 R4 R5 R6 
MOV RO, | MOV R1, | MOV R2, | MOV R3, | MOV R4, | MOV R5, | MOV RG, | MOV R7, 
A A A A A A A A 


1010 





















XCH A, 





1100 









DJNZ R3, 
rel 





1111, 


rd 
nN oO > foe) ~~ 
_ 


aD D BS) 
5) o aD 
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INSTRUCTION SET DETAILS 


by BaD s,04D, 050i Dy Do 


Type 






ADD 4A, direct 0010 0 


ADD A, @Rr 


ADD A, #data 








ADDC A, Rr 


ADDC A, direct 


ADDC A, @Rr 


001 1 0 


ADDC A, #data 110 





Is 14 Is 


1 0 1 
Q@7 ag as aq 43 AQ Ay AO 


1 0 1 


Qa7 ag a5 a4 AZ 42 A AO 


mas 88 











sueeAR [TOOT THe T 


SUBB A, direct 
- : 


SUBB A, suBpaA,@Rr | 1001011 40 
SUBB A, #data 0 


Airthmetic instructions 


Accumulation operation 
instructions 


1 2 Vy 
010 1 
- - a3 a2 a; ao 


SUBBA,@Rr =| 1001011 rol 1] 


aT 


0 0 


I3 \ I, lo 


1 
1 
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Description 


(AC), (OV), (C), (A) — (A)+(Rr) 


(AC), (OV), (C), (A) — (A) + (direct 
address) 


(AC), (OV), (C), (A) — (A)+((Rr)) 
(AC), (OV), (C), (A) — (A)+#data 


(AC), (OV), (C), (A) — (A)+(C)+(Rr) 


(AC), (OV), (C), (A) — (A)+(C) + (direct 
address) 


(AC), (OV), (C), (A) — (A)+(C)+((Rr)) 
(AC), (OV), (C), (A) — (A)+(C)+#data 


(AC), (OV), (C), (A) — (A)—((C)) +((Rr)) 


(AC), (OV), (C), (A) — (A) —((C)+(direct 
address) ) 


(AC), (OV), (C), (A) — (A)—((C)+((Rr)) 


(AC), (OV), (C), (A) — (A) —((C)+#data) 


(AB) < (A) x (B) 


(A) quotient, 
(B) remainder 


< (A)/(B) 


When the contents of accumulator bits 
O thru 3 are greater than 9, or when 
auxiliary carry (AC) is 1, 6 is added to 
bits O thru 3. Bits 4 thru 7 are then ex- 
amined, and when bits 4 thru 7 follow- 
ing compensation of lower bits O thru 
3 is greater than 9, or when carry (C) 
is 1, 6 is added to bits 4 thru 7. Asa 
result, the carry flag can be set, but 
cannot be cleared. 


(A) -—0O 
(A) — (A) 


Accumulator 


7 0 


Accumulator 
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INSTRUCTION SET DETAILS (CONT.) 



















































® Instruction Code 
S Mnemonic Bytes [Cycles Description 
a D,D,D;D,D3D.2D; Do 
RR A 000000 11 1 1 Accumulator 
8 Spb ict 
[50] 
ow 
oc 
8 3 ae te Accumulator 
a2 
E 
O 
O 
< 
SWAP A 
INC A 1113) (A) <—(A)+1 
ts — 
INC Rr a 1 (Rr) — (Rr)+1 
INC direct 000003101] 2 (direct address) < (direct address)+1 
ra a7 a6 as a4 a3 A2 a1 AO 
Cc 
E INC @Rr ((Rr)) — ((Rr)) +1 
8 INC DPTR 1 | 2 | (DPTR) —(DPTR)+1 
E (A) <(A)—1 
£ 
2 1 1 (Rr) — (Rr)—1 
c 














00 0 1 0 
@7 @6 a5 aq a3 a2 Ai 


DEC direct 


2 1 (direct address) <— (direct address)—1 


13) 1 | ((Rr))<— (Rr))—1 

















DEC @Rr 0 0 0 











1 | 1 1 (A)<(A) AND (Rr) 
ea 


2 1 (A) — (A) AND (direct address) 

















1) 1 | (A)<(A) AND ((RP)) 











2; 1 (A) — (A) AND #data 


| I, lo 
01031001 0/ 2 (direct address) < (direct address) 

a7 a6 as a4 a3 A2 a1 ao AND (A) 

01031001 1 (direct address) « (direct address) 


ay ae a5 a4 a3 a2 a1 Ao AND #data 
ly Ie Is lag Ia la Ua lo 


Pot oormnnli 1] Wamon tn 


01000 1 0 41 2 (A) — (A) OR (direct address) 
a@7 ag as ag a3 A2 A Ao 
ORL A.@Rr 0100011 ref 1] ts (A) — (A) OR ((Rr)) 


ORL A, #data 010001 0 0; 2 (A) < (A) OR #data 
In te Is Ig I3 Ta ta lo 






ANL_ direct, A 












Logical operation instructions 


ORL A, direct 
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INSTRUCTION SET DETAILS (CONT.) 


Type 


Immediate data setting instructions Logical operation instructions 


Carry flag operation instructions 








Mnemonic 


Bytes |Cycles 
eieeeer eye 
0000 1 0 


0 1 
Q@7 ag A5 a4 AZ AQ Ay a 









ORL direct,A 












direct, 
#data 






Q@4 a3 az ay Ag 


I, Is to ty 












XRL_ A, direct 


XRL A,@Rr 


XRL_ A, #data 


XRL_ direct, A 













100 0 
ea 2 Q@25 a4 a3 a2 7 
I l¢ ls I, 13 I. hy lo 





0 11 £1 #0 
In le Us 


0 0 


I, Is Io Uy To 


lo 2 
lo 


013131010 =41 
a7 a6 a5 a4 a3 A2 Ai 
Il, Ie Is tg |g te |, Vo 


MOV @Rr, #data!} 0 111 0 1 471 rol 2 1 
Il, Ie Is lg Ig te by lo 


MOV DPTR, 1001000 0 
#data 16 


O11 1 1 Fre tr, 


ly Ie Is tg Ia te Sy 


Nis toa Via tia tia tio Vy Us 
I, Ve Is 


lg Ig do da to 


cms SRERKEREIENE 
ANL_ C, bit 10000 0 
b+ De bs Db, b3 b2 
ANL C,/bit 101 = 1 
b> be bs Da 
ORL C, bit 





MOV C, bit 


b7 De bs Db, 
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Description 
(direct address) < (direct address) OR 
(A) 
(direct address) <— (direct address) OR 
#data 


(A) — (A) XOR (Rr) 


(A) — (A) XOR (direct address) 


(A) — (A) XOR ((Rr)) 


(A) — (A) XOR #data 


(direct address) <— (direct address) 


XOR (A) 

(direct address) <— (direct address) XOR 
#data 

(A) — #data 


(Rr) <— #data 


(direct address) <— #data 


(Rr)) — #data 
(DPTR) < #data 16 
(Cc) —0 

(C) <1 


(C) —(C) 
(C) 


< (C) AND (bit address) 
(C) — (C) AND (bit address) 
(C) — (C) OR (bit address) 
(C) < (C) OR (bit address) 


(C) — (bit address) 


347 


® MSM80C154/83C154 @ 


INSTRUCTION SET DETAILS (CONT.) 

















= | Bytes (Cycles 
- D,D,D,;D,D, DD, Dy 
Mov bi,c |1001001 0/2412 
, b, be b; b, b3 b, by bol | 
| SETB bit |1101001 0/2] 1 
5 2 b, be bs by, bz bz by bo 
‘~O 
© 5/1 CLR bit 1100001 0/ 2 
ae b, be bs by bs bz by Do 
$ 
<.£| CPL bit 1011001 0/2 
b, be bs by bs bz bi bo 
MOV A, Rr 1110 1 fo V1 To a ue 
MOV A, direct 1 $1 00101/|2 
Q@7 @6 As ag 43 A2 41 AQ 
mov Aer [1110031 ri] t 
, |MOV Rr,A 111 1innt rT eRee 
(og 
2 | Mov Rr,direct | 10 10 1 121 ro] 2 | 2 
2 27 2g a5 @4 a3 A2 Ay AQ 
t 
£ | MOV direct, A 11110101) 2 
© @7 a5 a4 a3 a2 A, Ao 
S | MOV direct,Rr | 1000 1 121 tol 2 
a a7 ag As Ag a3 A2 A, AQ 
© 
QO | MOV direct, 100001 1 Fro 
@Rr @7 6 a5 a4 a3 a2 a1 Ao 
MOV @Rr,A cee 
MOV @Rr, 1010011 ro] 2] 2 
direct a7 a as a4 a3 a2 A, Ag 
3 €] MOVCA, 2 
og @A+DPTR 
6S 
% &| MOVC A,@A+PC 2 
gs : 
Ps XCH A, Rr 11001 rey rol 1] 1 | 
ow 
8 9| XCH A,direct | 11000101 2 
o6 @7 ae as a4 a3 G2 A AO 
a2 
£8 XCH A, @Rr 1100011 rof 111 
BS 
XCHDA,@Rr | 110107 1 | 1 {1 | 
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| Description 


(bit address) < (C) 


(bit address) <— 1 


(bit address) — 0 


(bit address) <— (bit address) 


(A) <— (Rr) 
(A) < (direct address) 


(A) — ((Rr)) 
(Rr) < (A) 


(Rr) < (direct address) 
(direct address) <— (A) 


(direct address) < (Rr) 


(direct address) <— ((Rr)) 


((Rr)) — (A) 
((Rr)) — (direct address)) 


(A) — ((A) +(DPTR)) 


(PC) — (PC) +1 
(A) <— ({A) + (PC)) 


(A) = (Rr) 


(A) = (direct address) 


(A) = ((Rr)) 
(A, ~ 3) = (Rro~;)) 


INSTRUCTION SET DETAILS (CONT.) 


Type 


Subroutine instructions 


Jump instructions 


Branch instructions 


PUSH direct 


POP direct 


ACALL addr 11 


LCALL addr 16 


AJMP. addr 11 


LJMP addr 16 


SJMP rel 
JMP @atpPTR| 011100114 


CJNE A, direct, 





rel 


CJNE A, #data, 


rel 


Instruction Code 


D, Ds D; Ds D3 D2 D, Do 


Oe eee 
: : As a4 a3. a2 


0 0 0 0 
: . Q@5 a4 a3 a2 Aa 


000 1 
Az Ag As Ag Az Az Ai Ao 


AicAs As 1 


00010 0 
AisAraAisAi2AiiAioAs As 
Az Ae As Ag Az A2 Ai Ao 


AiA,>A, 0 000 1 
A, Ag As Ag Az Aa A; a 


AisA1gA13A12A11A10A9 As 






oe 


ee 





A> Ag As Ag Az Az At ae 


00000 0 0 
R7 Re Rs Ra R3 Ro Ri Jia 


Ora t O04 a) 





10110 1 
@7 2g As Ag 423 2 A, AQ 
R,R.R;5R4R3R2Ri Ro 


10110 1 


bole tte Ag Tele Tee Ve 
R,R,.RsR4RaR2Ri Ro 
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Description 


ae <— (SP)+1 
((SP)) <— (direct address) 


(direct address) < ((SP)) 
(SP) — (SP)—1 


(PC) < (PC)+2 
(SP) — (SP)+1 
((SP)) — (PCy ~->) 
(SP) — (SP)+1 
((SP)) — (PC, ~,,) 
(PC)~ 19) < Ao~ 


(PC) — (PC)+3 
(SP) — (SP)+1 
((SP)) — (PC, ~,) 
(SP) <— (SP)+1 
((SP)) <— (PC, ~,,) 
(PCo~15)<— Ao~™15 


(PC3~15) — ((SP)) 
(SP) — (SP)—1 
(PCo~>) = ((SP)) 
(SP) — (SP)—1 


(PCs ~ 1s) pe ((SP)) 
(SP) — (SP)—1 
(PCy ~7) — ((SP)) 
(SP) — (SP)—1 


(PC) <— (PC)+2 
(PCo ~10 )<+ Ao~ 


(PCo~1s5) -—Ao~ 


(PC) — (PC)+2 
(PC) — (PC)+relative offset 


(PC) — (A)+(DPTR) 


(PC) — (PC)+3 
IF (A) + (direct address) 
THEN 
(PC) < (PC)+relative offset 
IF (A) < (direct address) 
THEN 

(C)<1 
ELSE 

(C)<-0O 


(PC) — (PC)+3 

IF (A) + #data 

THEN 

(PC) — (PC)+relative offset 
IF (A) < #data 
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INSTRUCTION SET DETAILS (CONT.) 


Instruction Code 












Bytes Description 


(PC) — (PC)+3 
IF ((Rr)) + #data 
THEN 
(PC) — (PC)+relative offset 
IF ((Rr)) < #data 
THEN 

(C)< 1 


D, D, Dz Dz D, Do 






Rr, #data, 
rel 


101 #1 #41 «fae Ty fo 
1, 16 I, tq Ig te Uy to 
R,R, R; RR, Rz R2R, Ro 








ELSE 
(C)<0O 








(PC) — (PC)+3 

iF ((Rr)) + #data 
THEN 

(PC) — (PC)+relative offset 
IF ((Rr)) < #data 
THEN 


@Rr, 
#data, rel 


101 101 «1 = fo 
I, Ie Is tg tg Ie Ia to 
R, Re R; Raz R3 R2 R, Ro 


DJNZ Rr, rel 110 1 #1 rg ry To 
R7 Re Rs Ra Ra Roa Ri Ro 


direct, rel | 110101 0 1 
@7 26 425 @4 43 A2 4, AO 
R,R.e Rs Ra R3 Ro Ri Ro 










(C)<0 


(PC) — (PC)+2 

(Rr) — (Rr)—1 

IF (Rr) +0 

THEN 

(PC) — (PC)+relative offset 


m 
[~ 
io.) 
m 
Q 
t 
= 


(PC) — (PC)+3 

(direct address) <— (direct address)—1 
| IF (direct address) + O 

1 THEN 

(PC) — (PC)+relative offset 


Branch instructions 


a a 





0110000 0 
R7 Re Rs Ra R3 Ro Ri Ro 


JNZ_ rel 

JC rel ; 0100000 0 
R»R.e Rs Ra R3 Re Ri Ro 

JNC rel 


JB bit, rel 001000 0 0 
by be bs bs Ds b, b, Do 
R7 Re Rs Ra Rs Roz Ri Ro 
JNB bit, rel 00110cC 0 0 
b> be bs bs bs bz by Do 
R+ Re Rs Ra Ra R2 Ri Ro 


(PC) — (PC)+2 

IF (A) =0 

THEN 

(PC) — (PC)+relative offset 


(PC) — (PC)+2 

iF (A) +0 

THEN 

(PC) — (PC)+relative offset 


(PC) — (PC)+2 

IF (C) =1 

THEN 

(PC) — (PC)+relative offset 


(PC) — (PC)+2 

IF (C) =0 

THEN 

(PC) — (PC)+relative offset 


(PC) — (PC)+3 

IF (bit address) = 1 
THEN 

(PC) — (PC)+relative offset 


(PC) — (PC)+3 

IF (bit address) = O 
THEN 

(PC) — (PC)+relative offset 


a a ee 
ee 
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INSTRUCTION SET DETAILS (CONT.) 












> Bytes|Cycle Description 
a6 JBC bit, rel 00031000 0;] 3 (PC) — (PC)+3 
e ~~ b, be bs bs b3 b2 b; Do IF (bit address) =| 
o 3 R, Re Rs R,R3R2 Ri Ro THEN 
m+ (bit address) < O 
= (PC) — (PC)+relative offset 


(A) — ((Rr)) EXTERNAL RAM 


poeta te 
coco tf? 
MOVX @Rr, A EREEKEERAOED (Rr) — (A) EXTERNAL RAM 

| /Movx@pPTR,A; 1111000 0/1| 2) ((DPTP)) — (A) EXTERNAL RAM 


: 00000000 (PC) <— (PC)+1 


(A) — ((DPTR)) EXTERNAL RAM 


External memory 
instructions 


Other 
instructions 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Ta = 25°C —-0.5~7 V 
Input voltage Ta=25°C —0.5 ~ Vec + 0.5 V 


Operational Range 


@ MSM80C154/83C154 ...DC to 12 MHz, VCC = £20% 
® MSM80C154-1/83C154-1 ...DC to 16 MHz, VCC = +5% 


Supply voltage *4 fosc = DC-16 MHz 
; 40 ~ +85 (0 ~ 12 MHz 


*1: 25V < Vcc <4V DC characteristics will be specified elsewhere. 


Supply voltage 


Unit 


DC Characteristics 
(Voc = 5V+10%, Ta = —40 to +85°C) 


Meas- 
Parameter Symbol Conditions Unit | uring 
cia 


Input Low Voltage 0.2 0.2 Vec-0.1 | 1 


Input High Voltage a XTAL1 and | O — Vcc +0 i: Vcc +05 
RESET 


Input High Voltage Vin XTAL1 and RESET 0.7 Vcc Ld Veco +0.5 es 
Output Low Voltage loL =1.6mA 
(PORT 1, 2, 3) 
Output Low Voltage VOL! lol = 3.2 mA 
(PORT 0, ALE, PSEN) 
Output High Voltage loH = —60 uA 
Vcc =5V + 10% 


(PORT 1, 2, 3) 

1OH 0. 0.75 Vcc | 0.75 Vcc | 

lou=-10HA | 98Vcc inl San 
Output High Voltage VOHI 1OH = —400 vA 2.4 V 
(PORT O, ALE, PSEN) Vcc =5 Vt 10% 

lon=—180KA | 0.75 Voc ef 
Logical O Input Current/ | 
Logical : Output Current a 4 
(PORT 1, 2, 3) 0 
Logical 1 to 0 Transition 
Current (PORT 1, 2, 3) 






Input Leakage Current 
(PORT 0 floating, EA) 


Vss < Vi < Vec ea : 
RESET Pulidown Resistor | Rest 


Pin Capacitance Ta =25°C, f=1MHz 
5 V (except XTAL1) 
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Maximum Power Supply Current Maximum Power Supply Current 
Normal Operation Icc (mA) Idle Mode Icc (mA) 





*1: 2.5V< Vcc <4 V DC characteristics will be specified elsewhere. 


Maximum Power Supply Current Maximum Power Supply Current 
Normal Operation Icc (mA) Idle Mode Icc (mA) 













(Note 1) 





OUTPUT 


©) 

fo} 

S) 

>) 
OUTPUT 






OUTPUT 





Note 1. Repeated for specified input pins. 
2. Repeated for specified output pins. 
3. Input logic for specified status. ; 
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External Program Memory Access AC Characteristics 
(Voc = 5 V + 20%, Vgg=0V, XTAL1-2 = 12 MHz, Ta = —40 °C to 85 °C 
Vcc = 5 V+ 5%, Vsg = 0 V, 12 MHz < XTAL1-2 < 16 MHz, Ta =~ 20°C to 70°C 
PORT 0, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load) 


Ratings 


Variable clock from 


16 MHz clock DC to 16 MHz 


Parameter Symbol 


62.5 
2tCLCL-40 
1tCLCL-44 
1tCLCL-35 


XTAL1 «2 Oscillator Period tCLCL 62.5 
ALE Pulse Width tLHLL 
Address Valid to ALE Low tAVLL 


Address Hold After ALE tLLAX 27.5 
Low 


ALE Low to Valid Instr In tLLIV 
ALE Low to PSEN Low tLLPL 


4tCLCL-100 


32.5 1tCLCL-30 


PSEN Pulse Width tPLPH | 152.5 3tCLCL-35 

PSEN Low to Valid Instr id 82.5 3tCLCL-105 
In 

Input Instr Hold After tPXIX 

PSEN 

input Instr Float After tPXIZ 1tCLCL-20 | 
PSEN 

PSEN to Address Valid tPXAV | 425 | 1tCLCL-20 ed 
Address to Valid Instr In tAVIV a 207.5 Pe! 5tCLCL-105 
Address Float to PSEN tAZPL 

Low 


External program memory read cycle 
tLHLL 


tTAVLL] tTLEPL 


tPLPH 
: ~ 
tPLIV 


J. 


: 
=e) 


tAVIV 


As As 
PORT2 2 | ’ 
A15 
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Unit 


ns 
ns 
ns 


ns 


ns 
Ns 


ns 


ns 


ns 
ns 


ns 
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External Program Memory Access AC Characteristics 
(Vcc = 5 V + 20%, Vgg=0V, XTAL1-2 = 12 MHz, Ta = —40 °C to 85 °C 
Vec =5 V+ 5%, Vgg =O V, 12 MHz < XTAL1:2 < 16 MHz, Ta =- 20°C to 70°C 


PORT 0, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load) 


Ratings 


Variable clock from 
DC to 16 MHz 


Parameter Symbol 16 MHz clock Unit 


XTAL1:2 Oscillator Period tCLCL ns 





ALE Pulse Width ns 
Address Validto ALE Low | tAVLL | 185 | = | itcLcL44 | sss 
all ct 
ALE Low to Valid Datain | tLuov || 400 || eteue-t00 | ns 
Address to Valid Data In | 4575 | | gt c-t08 | ns 
one Low to RD or WR 3tCLCL-40 ns 
ow 

ae OeOu Wa tow | aavnl [ago | wereyo 
Transition 

Data Hold After WR twHox | 75 | — | atccc.so | ss 
Address Float to RD Low tAZRL Pf co fT ns 
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External data memory read cycle 


tLHLL 


tWHLH 
ALE 4 





PSEN 
RD 
tRHDZ 
tAVLL |tLLAX 
tRLDV 
A i] 
INSTR nas Rr or | { vatain \\ 
PORTO | ) NAY of IT) PCL 
tAVWL 


tAVDV 


PORT2 PCH A8 ~ A15 PCH P2.0 ~ P2.7 DATA or A8 ~ A15 DPH A8 ~ A15 PCH 


External data memory write cycle 


tLHLL a 


ALE 


PSEN 


tLLWL wwe 


° me 
tWHOX 
INSTR \\_ /AO~A7 AQ ~ A AO~A7 


tAVWL 


PORT 2 a A8 ~ A15PCH P2.0 ~ P2.7 DATA or A8 ~ A15 DPH A8 ~ A15 PCH 
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Serial Port (1/O Extension Mode) AC Characteristics 
Vcc =5 V £20%, Vgg =O V, XTAL1-2 = 12 MHz, Ta = —40 °C to 85 °C 
Vec=5Vt 5%, Vss = OV, 12 MHz < XTAL1°2 < 16 MHz, Ta =— 20°C to 70°C 


Parameter | Symbol Sin, 
Serial Port Clock Cycle Time tXLXL 12tCLCL 
Output Data Setup to Clock Rising Edge tQVXH 10tCLCL-133 
Output Data Hold After Clock Rising Edge tXHQX 2tCLCL-75 


Input Data Hold After Clock Rising Edge tXHDX 


Clock Rising Edge to Input Data Valid tXHDV od 10tCLCL-133 | ns 


Unit 


ns 
ns 


ns 


MACHINE CYCLE | 


ALE 


aaa 


HO ST ee ee ee ee ee es 


sell + rxHax 


OUTPUT DATA 


INPUT DATA 
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AC Characteristics Measuring Conditions 


1. input/output signal 


VIH ViH 
TEST POINT 
VOL LC VoL 
* The input signals in AC test mode are either Voy (logic “1°’) 
or Voy (logic 0’) input signals where logic ‘1’’ corresponds 
to a CPU output signal waveform measuring point in excess of 
Vil. and logic “0” to a point below Vj, . 


2. Floating 


Floating 


VOL VOL 


* The port O floating interval is measured from the time the 
port 0 pin voltage drops below Vj} after sinking to GND at. 
2.4 mA when switching to floating status from a ‘'1” output, 
and from the time the port 0 pin voltage exceeds Vip after 
connecting to a 400 nA source when switching to floating 
status from a “0” output. 





XTAL1 External Clock Input Waveform Conditions 


Low Time oe ns 
Rise Time ns 
Fall Time ns 





EXTERNAL CLOCK DRIVE WAVEFORM 


EXTERNAL 
OSCILLATOR 
SIGNAL 
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OKI semiconductor 
MSM85C154VS 


M83C154/M80C51F PIGGY BACK 





GENERAL DESCRIPTION 


The MSM85C154 is a device whose built-in ROM is replaced by external EPROM using the piggy- 
back method. External EPROM capacity is up to 16K bytes. It can be used for evaluation of programs 
for MSM83C154 and MSM80C51F. 


he riste Doves te he eoe 
t SOCKET : 
t 


| op KO)» CONTROL SIGNAL R/W SIGNAL 


EXTERNAL |« SPECIAL 
ROM , FUNCTION 
16KWORD |, REGISTER 
‘ ADDRESS 
DECODER 





XTALI 


XTAL2 <- 


f 
Dn 
UL 


| 
eh 
tal 
Pes KX 
Tt 2 I 


OSC and TIMING 


TR2 

|_| 

" i 
256wWORD | K,] 


SBU SBUF 
ia 


Pin 1 For 27128 


* The MSM85C154VS pin layout of bottom side is the same as the pin 
layout for MSM83C154-XXRS. 
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*NOTE 


MSM85C154VS piggy back is originally designed for the programming of MSM83C154 and it covers the 
function as the piggy back for MSM80C51F. 

Please be careful not to use additional function which dedicated to MSM83C154 in usig the piggy back for 
MSM80C51. The function, flag, and register listed below are dedicated to MSM83C154. 


— IOCON (0F8h) : 1/0 CONTROL RESISTOR 

— TH2 (OCDH) : TIMER 2. UPPER SIDE REGISTER 
— TL2 (0CCH) : : TIMER 2. LOWER SIDE REGISTER 
— RCAP2H (OCBH) : CAPTURE REGISTER UPPER SIDE 
— RCAP2L (OCAH) : CAPTURE REGISTER LOWER SIDE 
— T2CON (0C8H) : TIMER CONTROL REGISTER 2 

— IP (OB8H) : INTERRUPT PRIORITY REGISTER 2 


bit 5 (Bit address BDH) PT2 
bit 7 (Bit address BFH) PCT 


— JE (OA8H) : INTERRUPT ENABLE REGISTER 
bit 5 (Bit address ADH) ET2 
— PCON (087H) : POWER CONTROL REGISTER 


bit 5 (Bit address Nil) RPD 
bit 6 (Bit address Nil) HPD 


In using this piggy back for MSM80C51F, do not set the above items (Control bit should not be “1”). 
All bits are set to “O” at initial reset. 


In high temperature atmosphere, malfunction may happen (output latches of the Port 0 are set when 
interrupt occurs) in writing the instruction code of which LSB is “O” at address 0 of the EPROM. 

To avoid this problem, please be sure to write AJUMP instruction (operational code is X1) at address 0 instead 
of LUMP instruction (operational code is 02). 


Operating frequency is from DC to 12MHz. 


The MSM85C154VS has been developed assuming that it is used for evaluation of program. Please use the 
MSM83C154 (mask ROM version) as the devices installed on a product. 


Operating temperature : -20 to 70°C 
Operating voltage : 4.75 to 5.25V 
Operating frequency : DC to 12 MHz 
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OKI semiconductor 
MSM66201/66P201 


OKI ORIGINAL HIGH PERFORMANCE CMOS SINGLE CHIP 8/16 BIT 
MICROCONTROLLER 


GENERAL DESCRIPTION 


The OKI MSM66201 is a new generation, high performance single chip microcontroller 





implemented in silicon gate complementary metal oxide semiconductor technology (CMOS). 
Integrated within this chip are a 16-bit ALU, 16K bytes of mask program ROM, 512 bytes of data 
RAM, 48 I/O lines, built-in 16-bit timers, 10-bit A/D converter, serial I/O port, pulse width modulator 
(PWM), and an oscillator. Also available is the MSM66P201, which replaces the on-chip program 
memory with one-time PROM (OTP). 


FEATURES 
@® 8-Bit External Data Bus Interface e 
® 16-Bit Internal Architecture e 
@ 64K address space for program memory 


(including 16K bytes on-chip ROM) 


64K address space for data memory 
(including 512 bytes on-chip RAM) 


High speed execution ad 
Minimum Cycle for Instruction: 
400ns (10MHz) 


The Abundance of Powerful Instructions 
8/16 data transfer operation ‘ 
8/16 bit arithmetic operation 
16(8) bit x 16(8) bit—32(16) bit 
32(16) bit x 16(8) bit—>32(16) bit 
16(8) bit + 16(8) bit—16(8) bit 
8/16 logic operation od 
Bit operation 
ROM table access operation 


The same instruction allows both byte and 

word width operation according to Data e 
Descriptor. 

That is to say, the same algorithm and the 

sa me source program lines are 
applicable to byte and word width data 
manipulation with only changing Data 
Descriptor. 


Many Addressing Modes 


8 Input lines 40 Input/Output lines 


Built-in 16 bit timer x 4 
Each timer has the following 4 modes. 
Auto reload timer mode 
Clock output mode 
Capture register mode 
Real time output mode 


Serial Port x 1 ch. 

(variable bit length, baud rate generators 

for transmitter & receiver) 
Asynchronous normal mode 
Asynchronous multi processor 
communication mode 
Synchronous normal mode 
Synchronous multi processor 
communication mode 


16 bit Pulse Width Modulator x 2 
Transition Detector x 4 
10 bit A/D converter (8 channel) 


1 non-maskable interrupt, 16 maskable 
interrupts 


Stand-by Function 
Software Clock stop 
Software CPU stop 
Hardware CPU stop 


Package: 
64 pin plastic shrink DIP (SDIP64-P-750) 
64 pin plastic QFP (QFP64-P-1414-1K) 
68 pin PLCC (QFJ68-P-S950) 
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PIN CONFIGURATION 


ADO/PO, 
AD1/P0, 
AD2/P0, 
AD3/P03 
AD4/P0, 
ADS/P0. 
ADE/P0. 
AD7/P0, 
AB/P 1, 
A9/P1, 
A10/P1, 
Al1/P1, 
A12/P 14 
A13/P 1, 
AV4/P 1, 
A15/P1, 
P2, 

P2, 

P2, 
CLKOUT/P2, 
RESOUT 
ALE 
PSEN. 
RD 

WR 
READY 
fA 

FLT 


voD 

VREF 
AGND 
P5,/AI7 
P5,/AI6 
PS</AI5 
P5,/AI4 
PS,/A13 
P5,/AI2 
P5/AN1 
PS5,/AI0 
P4,/TRANS3 
P4g/TRANS2 
P4./TRANS 1 
P4,/TRANSO 
P45/PWM1 
P4,/PWMO 
P4,/TMICK 
P4o/TMOCK 
P3,/TM310 
P3,/TM210 
P3,/TM10 
P3,/TMOIO 
P3,/INTI 
P3,/INTO 
P3,/RXD 
P39/TXD 
P2,/RXC 
P2./TXC 
P2./HLDA 
P2,/HOLD 
NMI 


col RO} ik DS Di iN] 1} RO] IO CG co} RO} IO Bs 





FUNCTIONAL BLOCK DIAGRAM 


INSTRUCTION 
DECODER 

TIMER KT) INSTRUCTION 
REGISTER 


SERIAL C=) 


PORT 


rpzamaxm 


TRANS3 Cy 407~AD0 
TRANS2 TRANSITION jaan. 
TRANS1 DETECTOR 

TRANSO 


[> A1S~AB 


vce 


VREF 


AI7~Ai0 AID 


AGND CONVERTER 
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PIN DESCRIPTION 


Designation 


POo — PO7/ 


ADO - AD7 


P1g—P17/ 


A8—-A15 


P29 — P22 
P23/CLKOUT 
P2,/HOLD 


P25/HLDA 


P2¢6/TxC 
P27/RxC 


P39/TxD 


P3,/RxD 
P3>/INTO 
P33/INT1 


P34/TMOIO 
P3</TM110 


P36/TM210 


P37/TM310 


Input/Output 


/O 


/O 


0 


/O 


PO: 


AD: 


P1: 


P2: 
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Function 


8-bit I/O port. Each bit can be assigned to input or 
output. 


Outputs the lower 8 bits of program counter 
during external program memory fetch, and 
receives the addressed instruction under the 
control of PSEN. Also outputs the address, 
Outputs or inputs data during an external data 
memory access instruction, under the control of 
ALE, RD, and WR. 





8-bit I/O port. Each bit can be assigned to input or 
output. 


Outputs the upper 8 bits of program counter (PCg. 
15) during external program memory fetch. Also 
outputs the upper 8 bits of address during an 
external data memory access instructions. 


8-bit I/O port. Each bit can be assigned to input or 
output. 


CLKOUT: Clock output pin. Output frequency range 


is equal to or twice the system clock. 


HOLD: Input pin to request the CPU to enter the 


hardware power-down state. 


HLDA: HOLD ACKNOWLEDGE: the HLDA signal 


1xG: 
RxC: 


P3: 


TxD: 
RxD: 
INT: 


appears in response to the HOLD signal and 
indicates that the CPU has entered the 
power-down state. 


Transmitter clock input/output pin. 


Receiver clock input/output pin. 


8-bit I/O port. Each bit can be assigned to input or 
output. 


Transmitter data output pin. 
Receiver data input pin. 


Interrupt Request Input pin. 
Falling edge trigger or level trigger is selectable. 


TMOIO~TM310: One ofthe following signals is 


output or input. 


@ clock twice the frequency range 
of the 16 bit timer overflow 


@ load trigger signal to the 
capture register input 


® setting value output 


Whether the signal is input or output depends on the 


mode. 
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PIN DESCRIPTION (Continued) 


Designation Input/Output Function 
P4o/TMOCK P4: 8-bit I/O port. Each bit can be assigned to 
input or output 
P4,/TM1CK TMOCK, TM1CK: Clock input pins of timer 0, timer 1. 
Pa2/PWMO 1/0 TRANS: Transition Detector. 
The input pins which sense the falling edge 
and set the flag. 
P43/PWM1 PWM: Pulse Wide Modulator output pin. 
P44 - P47/ 
TRANSO — TRANS3 
P59 — P57/ INPUT P5: 8-bitinput port. 
Al0 - Al7 Al: Analog signal input pin for A/D converter. 
RESOUT OUTPUT Output ‘H’ level when the CPU isin RESET cycle. 
Reset to ‘L’ level by program. 
ALE OUTPUT Address Latch Enable: 
The timing pulse to latch the lower 8 bit of the 
address output from port 0 when the CPU accesses 
the external memory. 
PSEN | OUTPUT Program Store Enable: 
The strobe pulse to fetch to external program 
memory. 
RD OUTPUT Output strobe activated during a bus read cycle. 


Used to enable data on to the bus from the external 
data memory. 


WR OUTPUT Output strobe during a bus write cycle. 
Used as write strobe to external data memory. 


READY INPUT Used when the CPU accesses low speed peripherals. 


EA INPUT Normaly set to ‘H’ level. 
If set to ‘L’ level, the CPU fetches the code from external 
program memory. 


INPUT If FLT is ‘H’ level, ALE, WR, RD, PSEN are set ‘H’ level 
when reset. het 

If FLT is set to ‘L’, ALE, WR, RD, PSEN are set to floating 
level when reset. 


RES INPUT RESET input pin. 
OSCp, OSC, Oscillation circuit input and output. 
NMI INPUT Non maskable interrupt input pin (falling edge) 


VREF INPUT Reference voltage input pin for A/D converter 


nN 
rr 
— 


AGND INPUT Ground for A/D converter 


VDD System power supply 


GND Ground 
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REGISTERS 


@ ACCUMULATOR 


@ CONTROL REGISTERS (CR) 
PROGRAM STATUS WORD 
PROGRAM COUNTER 
LOCAL REGISTER BASE 


SYSTEM STACK POINTER 


@ POINTING REGISTERS (PR) 


INDEX REGISTER1 
INDEX REGISTER2 
DATA POINTER 


USER STACK POINTER 


@ LOCAL REGISTERS 


er0 
er 
er2 


er3 





@ SPECIAL FUNCTION REGISTERS (SFR) 


All of the I/O functions are controlled by SFRs. Also, some of the internal functions 


(Timer, WDT, etc, ...) are controlled by SFRs. SFRs are located in the top of RAM space 
(OOOH~007FH). 
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MSM66201 SPECIAL FUNCTION REGISTERS 


Abbre- : si 
SFR Name viated sas oe 
Niche operati 
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Address 
(HEX) 


0000 
0001 
0002 
0003 


0004 


0005 
0006 
0007 
0010 
0011 
0012 
0013 
0018 
0019 
001A 
001B 
OO1C 
0020 
0021 
0022 
0023 
0024 
0025 


0026 


0028 
0029 


002A 


002C 
002D 


OO2E 





~ PSWH 


Standby control register SBYCON 


SSP 
System Stack Printer (ASSP) 
, LRB 
Local Register Base (ALRB) 
8/16 
PSWL_ | R/W 
Program Status Word (APSW) 


PRPHF 
STPACP 


Peripheral control register 
Stop code acceptor : 


Interrupt request flag 


Interrupt Enable flag 


External interrupt control register EXICON 


Port 0 data register 


: 


Port 0 mode register 
Port 1 data register 
Port 1 mode register 


~y 


Port 2 data register 


Port 2 mode register P2!10 


Port 2 secondary function control P2SF 
register 


Port 3 data register 
Port 3 mode register P3!1O 


Port 3 secondary function control P3SF 
register 


Port 4 data register | Pa | 
Port 4 mode register | Palo | 


Port 4 secondary function control PASE 
register 


8/16 





Reset 
Value 
HEX 


FFH 
FFH 


undefined 


C8H 


OCH 
OOH 
00H 


F8H or FOH 


OOH/WDT, Its 
stopped 


FDH 
ry: 
00H 
OOH 
OOH 
OOH 
FCH 
undefined 
OOH 
undefined 
OOH 
undefined 
OOH 


07H 


undefined 
OOH 


OOH 


undefined 
OOH 


OOH 
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Abbre- hi Reset 
Address SFR Name viated 8/16 bit Value 
(HEX) Name operation | = (HEX) 


OOH 
OOH 
00H 
OOH 
OOH 
00H 
OOH 
OOH 
OOH 
OOH 
OOH 
00H 
OOH 
00H 


0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
003A 
003B 
003C 
003D 
003E OOH 


003F 00H 
0040 Timer 0 Control register 

0041 Timer 1 Control register 

0042 Timer 2 Control register 

0043 Timer 3 Control register 

0046 Transition detector register 

0048 Serial port transmission baud rate 


TCONO OOH 
TCON1 OOH 
TCON2 00H 
TCON3 OOH 
TRNSIT undefined 
STTM OOH 
Serial port transmission baud rate 
0049 generator register STTMR 00H 
004A Serial port transmission control register STTMC OCH 
Serial port receiving baud rate 
004¢ generator counter oRTM 00H 
004D Serial port receiving baud rate SRTMR 00H 
OEH 
80H 
W undefined 
OOH 
undefined 
FOH 
80H 
ADSEL A0OH 


Timer 0 counter T 


Timer 0 register TMRO 


SE ee 2 


Timer 1 counter T 


Timer 1 register TMR1 


Timer 2 counter 


Timer 2 register TMR2 


MO 
M1 
TM2 
Timer 3 counter TM3 ; 


Timer 3 register TMR3 


Z 


generator counter 
generator register 
004E Serial port receiving control register SRTMC 


0050 Serial port transmission mode control 


register STCON 


0051 Serial port transmission data buffer 


register STBUF 


0054 Serial port receiving mode control SRCON 


: 


0055 Serial port receiving data buffer SRBUF 


SRSTAT 
ADSCAN 


_s = 
@ oO 
a2 
7) “ 
c+ + 
mo @ 
“ = 


0056 Serial port receiving error register 
0058 A/D scan mode register 
0059 A/D select mode register 
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Abbre- tek 
Address SER Name viated 8/16-bit 
(HEX) Name operation i BS 
0060 
A/D conversion result register 0 ADCRO 
0061 
0062 
A/D conversion result register 1 ADCR1 
0063 
0064 
A/D conversion result register 2 ADCR2 
0065 undefined 
0066 
A/D conversion result register 3 ADCR3 
0067 
0068 
A/D conversion result register 4 ADCR4 
0069 8/16 
006A 
A/D conversion result register 5 ADCR5 
006B 
006C 
A/D conversion result register 6 ADCR6 
006D 
OO6E 
A/D conversion result register 7 ADCR7 
OO6F | 
0070 OOH 
PWM 0 counter PWMCO 
0071 00H 
0072 OOH 
PWM 0 register PWIMRO 
0073 00H 
0074 00H 
PWM i counter PWMC1 
0075 00H 
0076 OOH 
PWM 1 register | ewan | 
0077 OOH 


0078 PWM 0 control register — OOH 
007A PWM 1 control register PWCON1 OOH 
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MEMORY MAP 


@ Program Memory Space 


Internal 
ROM 
0037H 
3FFFH 
4000H p038h 
External 
ROM 
OFFFFH “ 
3FFFH 
e Data Memory Space 


0000H ——————_ 0000H 
|___ ov 


0080H Function 
Zero OOBFH Registers 


Page O0COH 
_lsOOOFFH PORT.A/DC 
| ? 0100H TIMER. PWM 
nterna 
OO7FH | = Et... 
RAM 
0280H 
OOBFH 


_ 7 
OFFFFH 


027FH 


0000H 0000H 


Vector 
Table 
Area 


0027H |_(40 byte) 


0028H VCAL 


Table 
Area 
(16 byte) 














Special 
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ADDRESSING MODE 


The MSM66201 supports 64KB of data space and 64KB of program space with verious types of 
addressing modes. These modes divide into the following types. 


1. RAM ADDRESSING (FOR DATA SPACE) 
1.1. Register Direct Addressing 


WML” YM 





1.2. Displacement Addressing 
a) Zero Page 






b) Direct Page 


ex. 
ST A, off XX10H 


Beene ereranvreseresecens 


1.3. Pointing Register indirect Addressing 
a) Data Pointer (DP) Indirect 


ae ene os oer 


— 128~ +127 





372 


© MSM66201/66P201 © 


c) Index register (X1, X2) Indirect 
ex. 





INC 300H [X1] 


0-65535 


1.4 Immediate Addressing 


MOV SSP, # 27FH 


ex. 


ROM ADDRESSING (FOR PROGRAM SPACE) 


2.1 Direct Addressing 
ex. 





Mer wees ere coer seer secer emer arerecuce 


2.2 Simple Indirect Addressing 
a) Local Register Indirect 
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b) Pointing Register Indirect 
® Data Pointer (DP) Indirect 





@ User Stack Pointer (USP) Indirect 
ex. 








@ Index Register (X1, X2) Indirect 
ex. 


c) System Stack Pointer (SSP) Indirect 


ex. 
A, (SSP) 


d) Local Register Base (LRB) Indirect 
ex. 
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e) RAM Indirect 
ex. 











A, [OCOH] 


Double Indirect Addressing 
a) Data Pointer (DP) Double Indirect 


ex. 





ex. 





~ 128~ + 127 


c) Index Register (X1, X2) Double Indirect 


ex. 





A, [1000H [X41] 


0~65535 
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2.4 


376. 


Indirect Addressing with 16 bit offset 
a) Pointing Register Indirect 

@® Data Pointer (DP) Indirect 
ex. 







A, [100H [DPI] 


0~65535 


@® User Stack Pointer (USP) Indirect 


ex. 
A, [100H [USP] ] 


0~65535 | 


@ Index Register (X1, X2) Indirect 


ex. 
A, [100H [X1]] 


0~65535 


b) RAM Indirect 


ex. 
LC A, [2000H [80H] ] 


80H 


0~65535 
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INSTRUCTIONS 
(Note) ’' Addressing mode expression 
'#' and ‘imme’ Immediate value 
. Data Transfer 


Instruction 








ain [ron 
ae cc 







L A, * 











ae aa 
a ae 
Poccnucahcmonaree 
ns nnn 
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Push & Pop 


PUSHS *,A * — SYSTEM STACK 
POPS *, # * — SYSTEM STACK 


Rotate & Shift 


a 

























Shift right Logical 
Shift right Arithmetic — 


Increment & Decrement 


ROM Table Reference 


CMPC A, * * — * (ROM) 
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LCB A, * A, <— * (ROM) 
CMPCB A, * A, - * (ROM) 


Arithmetic Operation 


SBC A 
BC * 


























J 
iA 
,d 
# 
/* 
A 
,d 
# 
* 
A 
,d 
# 
/* 
,A 
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pom ae [REA 
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Logical Operation 


Instruction 
ac 
































* < * xor Imme. 


Comparison 
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/* 
A 
d 
# 

















Decimal Adjust 








Data Type Conversion 


Bit Operation 


MBR C 
MIBR * 
TRB * 





Jump & Call 


C 
C 













J 
Cc ' 


Decimal Adjust for Addition 
Decimal Adjust for Substruct 


EXTND A15-8<An 
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SCAL _ adrs Short Call 















AL 
VCAL  table:adrs 
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Return 


— Return from Subroutine 











Others 


SC C<+1 


por [ivcreon 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage Ta= 25°C V 

Analog Ref. Voltage V 

Analog Input Voltage V 
rz 










RC CcC<0 
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OPERATING CONDITIONS 


MSM66P201 0~ +70 


MOS load 


Parameter Limits Unit 
Supply Voltage Vpp V 
Memory Hold Voltage VppH 2~5.5 V 
Operating Frequency frosc) 0~10 MHz 
Ambient Temperature Ta | wismesez01 | °C 

| Mosioed 


Fan Out 
TTL load 


NO 
© 


P1,P2, P3, P4 
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OKI semiconductor 
MSM66207/66P207 


OKI ORIGINAL HIGH PERFORMANCE CMOS SINGLE CHIP 8/16 BIT 
MICROCONTROLLER 








GENERAL DESCRIPTION 


The OK! MSM66207 is a new generation, high performance single chip microcontroller 
implemented in silicon gate complementary metal oxide semiconductor technology (CMOS). 
Integrated within this chip are a 16-bit ALU, 32K bytes of mask program ROM, 1K bytes of data 
RAM, 48 1/O lines, built-in 16-bit timers, 10-bit A/D converter, serial I/O port, pulse width modulator | 
(PWM), and an oscillator. Also available is the MSM66P207, which replaces the on-chip program 


memory with one-time PROM. 


FEATURES 
@ 8-Bit External Data Bus Interface ® 8 Input lines 40 Input/Output lines 
® 16-Bit Internal Architecture @ Built-in 16 bit timer x 4 
Each timer has the following 4 modes. 
@ 64K address space for program memory 


(including 32K bytes on-chip ROM) 


Auto reload timer mode 
Clock output mode 


@ 64K address space for data memory Capture register mode 
(including 1K bytes on-chip RAM) Real time output mode 
@ High speed execution @ Serial Port x 1 ch. 
Minimum Cycle for Instruction: (variable bit length, baud rate generators 
400ns (10MHz) for transmitter & receiver) 
Asynchronous normal mode 
@ The Abundance of Powerful Instructions Asynchronous multi processor 
8/16 data transfer operation communicaron made 
8/16 bit arithmetic operation Synchronous normal mode 
16(8) bit x 16(8) bit>32(16) bit Synchronous multi processor 
32(16) bit x 16(8) bit—32(16) bit communication mode 
16(8) bit + 16(8) bit—>16(8) bit 
8/16 logic operation @ 16 bit Pulse Width Modulator x 2 
Bit operation a 
ROM table access operation Bi Ulan es MOmDEleerKe 
@ The same instruction allows both byte and 10 bit A/D converter (8 channel) 
word width operation according to Data @ 1non-maskable interrupt, 16 maskable 
Descriptor. interrupts 
That is to say, the same algorithm and the 
same source program lines are applicable stand-by Function 
to byte and word width data Software Clock stop 
manipulation with only changing Data Software CPU stop 
Descriptor. | Hardware CPU stop 
@ Many Addressing Modes e Package: 
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64 pin plastic shrink DIP (SDIP64-P-750) 
68 pin PLCC (QFJ68-P-S950) 
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PIN CONFIGURATION 


ADO/P0, 
AD1/P0, 
AD2/P0, 
AD3/P03 
AD4/PO, 
ADS/PO, 
ADE/P0, 
AD7/P0, 
ABIP 1g 
AQIP1, 
A10/P1, 
A11/P1; 
Al2/P1, 
AI3/P1. 
Al4P 1, 
A1S/P1, 
P2, 

P2, 

P2, 
CLKOUT/P2, 
RESOUT 
ALE 
PSEN. 
RD 

wR 
READY 
EA 

FLT 
RES 


VDD 

VREF 
AGND 
P5,/AI7 

PS, /AI6 
PSs/AIS 
P5,/AI4 
P5,/AI3 
P5,/Al2 
P5,/Al1 
PSp/AI0 
P4,/TRANS3 
P4,/TRANS2 
P4,/TRANS1 
P4,4/TRANSO 
P4,/PWM1 
P4,/PWMO 
P4,/TMICK 
P4/TMOCK 
P3,/TM310 
P3,/TM210 
P3,/TM110 
P3,/TMOIO 
P3,/INTI 
P3,/INTO 
P3,/RXD 
P3,/TXD 
P2,/RXC 
P2,/TXC 
P2./HLDA 
P2,/HOLD 
NMI 


— ~_— 
O Col KO! IO ~ O CO] RO! kK 2, Col RO} IO = 





FUNCTIONAL BLOCK DIAGRAM 


INSTRUCTION 
DECODER 

TIMER = =K-———)> INSTRUCTION 
REGISTER 


SERIAL = [A U 
PORT 
TRANS3 
TRANS2 TRANSITION 
TRANS! DETECTOR = 


-p2Z2znanm4axxs:M!® 


K —_» AD7~ADO 


wvVceo 


> ais~as 


TRANSO 
VREF C 
AI7~Al0 A/D areey, 
ACND CONVERTER 
wor 


SYSTEM CONTROL PORT 


UU TTY 


PS P4 P3 P2 PI PO 
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PIN DESCRIPTION 


Designation Input/Output Function 
PQg — PO7/ PO: 8-bit I/O port. Each bit can be assigned to input or 
output. 
AD0-AD7 /O AD: Outputs the lower 8 bits of program counter 


during external program memory fetch, and 
receives the addressed instruction under the 
control of PSEN. Also outputs the address, 
Outputs or inputs data during an external data 
memory access instruction, under the control of 
ALE, RD, and WR. 





P19 -P1/ /O P1: 8-bit I/O port. Each bit can be assigned to input or 
output. 


A8-A15 A: Outputs the upper 8 bits of program counter (PCg. 
| 15) during external program memory fetch. Also 
outputs the upper 8 bits of address during an 
external data memory access instructions. 


P29 -— P22 P2: 8-bit I/O port. Each bit can be assigned to input or 


output. 
P23/CLKOUT CLKOUT: Clock output pin. Output frequency range 


is equal to or twice the system clock. 


P2,/HOLD HOLD: Input pin to request the CPU to enter the 
hardware power-down state. 

P2s/HLDA /O HLDA: HOLD ACKNOWLEDGE: the HLDA signal 
appears in response to the HOLD signal and 
indicates that the CPU has entered the 
power-down state. 

P2¢6/TxC TxC: Transmitter clock input/output pin. 

P27/RxC RxC: Receiver clock input/output pin. 

P39/TxD P3: 8-bit1/O port. Each bit can be assigned to input or 

output. 

P3,/RxD TxD: Transmitter data output pin. 

P32/INTO RxD: Receiver data input pin. 

P33/INT1 /0 INT: Interrupt Request Input pin. 

Falling edge trigger or level trigger is selectable. 

P3,/TMOIO TMOIO~TM3IO: One of the following signals is 

output or input. 

P35/TM110 @ clock twice the frequency range 

of the 16 bit timer overflow 

P36/TM210 @ load trigger signal to the 

capture register input 
@ setting value output 

P37/TM310 Whether the signal is input or output depends on the 

mode. 
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PIN DESCRIPTION (Continued) 


Designation Function 
P45/TMOCK PA: 8-bit I/O port. Each bit can be assigned to 
input or output 
P4,/TM1CK TMOCK, TMiCK: Clock input pins of timer 0, timer 1. 
P42/PWMO /0O TRANS: Transition Detector. 


The input pins which sense the falling edge 
and set the flag. 


P43/PWM1 PWM: Pulse Wide Modulator output pin. 

P4, - P4y/ 

TRANSO - TRANS3 

P59 — P57/ INPUT P5: 8-bit input port. 

Al0 - Al7 Al: Analog signal input pin for A/D converter. 

RESOUT OUTPUT Output ‘H’ level when the CPU isin RESET cycle. 
Reset to ‘L’ level by program. 

ALE OUTPUT Address Latch Enable: 

The timing pulse to latch the lower 8 bit of the 
address output from port 0 when the CPU accesses 
the external memory. 

PSEN OUTPUT Program Store Enable: 

The strobe pulse to fetch to external program 
memory. 

RD OUTPUT Output strobe activated during a bus read cycle. 
Used to enable data on to the bus from the external 
data memory. 

WR OUTPUT Output strobe during a bus write cycle. 

Used as write strobe to external data memory. 

READY INPUT Used when the CPU accesses low speed peripherals. 

EA INPUT Normaly set to ‘H’ level. 

If set to ‘L' level, the CPU fetches the code from external 
program memory. 

FLT INPUT If FLT is ‘H’ level, ALE, WR, RD, PSEN are set ‘H’ level 
when reset. an 
If FLT is set to ‘L’, ALE, WR, RD, PSEN are set to floating 
level when reset. 

RES INPUT RESET input pin. 

OSCp, OSC, Ped Oscillation circuit input and output. 

NMI INPUT Non maskable interrupt input pin (falling edge) 

VREF INPUT Reference voltage input pin for A/D converter 

AGND INPUT Ground for A/D converter 

VDD fo System power supply 
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REGISTERS 


anh 
I 
© 


® ACCUMULATOR Ace 


@ CONTROL REGISTERS (CR) 


PROGRAM STATUS WORD 


PROGRAM COUNTER 


0 
; 


LOCAL REGISTER BASE LRB 


SYSTEM STACK POINTER [| ssh 


@ POINTING REGISTERS (PR) 


INDEX REGISTER1 
INDEX REGISTER2 
DATA POINTER 

USER STACK POINTER 


@ LOCAL REGISTERS 
er0 
ert 
er2 


er3 





@ SPECIAL FUNCTION REGISTERS (SFR) 


All of the I/O functions are controlled by SFRs. Also, some of the internal functions 
(Timer, WDT, etc, ...) are controlled by SFRs. SFRs are located in the top of RAM space 
(OQOOH~007FH). 
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MSM66207 SPECIAL FUNCTION REGISTERS 





= = PES 
Name HEX 
0001 (ASSP) FFH 
0002 RB 
Program Status Word (APSW) 
0005 OCH 
Accumulator ACC 
0007 OOH 
0011 aa 
0018 OOH 
Interrupt request flag 
Interrupt Enable flag 
001B | OOH 
0020 |PortOdataregister——S*d| SPO undefined 
0022 undefined 
0028 undefined 
0029 00H 
002¢_|Port4dataregister———SC~idtC*~«i ia undefined 
0020 |Portémoderegister ——=~=S~*~*~dSC«i i 00H 
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Address Abbre- 8/16-bit Reset 
SFR Name viated R/W Value 
het stam Name operation | (HEX) 
oo2F [pots —“‘iES RC 
sae Ti 0 counte TMO al 
imer unter 
0031 OOH 
ae Ti 0 regist TMRO ues 
imer 0 register 
0033 g OOH 
0034 r : ah 00H 
imer 1 counter 
0035 00H 
vic Ti 1 ist TMR1 a 
mer 1 register 
far ee RW 00H 
0038 ; 00H 
Timer 2 counter TM2 
0039 00H 
003A 00H 
Timer 2 register TMR2 
003B 00H 
003C 00H 
Timer 3 counter TM3 
003D 00H 
003E 00H 
Timer 3 register TMR3 
003F 00H 


TCONO 
TCON1 

TCON2 
TCON3 
TRNSIT 


OOH 
OOH 
00H 
OOH 
undefined 


0040 Timer 0 Control register 
0041 Timer 1 Control register 
0042 Timer 2 Control register 


0043 Timer 3 Control register 
0046 Transition detector register 


0048 Serial port transmission baud rate 


generator counter STTM 


OOH 


0049 Serial port transmission baud rate 


generator register STTMR | RW 


STTMC 


00H 
004A Serial port transmission control register OCH 


004c Serial port receiving baud rate 


-_ 
© 
< 


ze 


generator counter SRTM 00H 
Goa: . | setat pert seating baud ite SRTM 00K 
004E Serial port receiving control register SRTMC OEH 
0050 sili vor transmission mode control STCON 80H 
0051 ae Poe transmission data buffer STBUF W undead 
0054 Serial port receiving mode control SRCO 00H 


register 


Serial port receiving data buffer 
0055 register : 


SRBUF 
SRSTAT 
ADSCAN 


ADSEL 


undefined 


0056 Serial port receiving error register 
0058 A/D scan mode register 
0059 A/D select mode register 
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Abbre- eect 
Address SFR Name viated 8/16-bit 
(HEX) Name operation oS 


0060 
A/D conversion JADconvesionresutregistero JADconvesionresutregistero 0 | Aocro 
0061 
0062 
A/D conversion result register 1 ADCR1 
0063 
0064 
A/D conversion result register 2 ADCR2 
0065 undefined 
0066 
A/D conversion result register 3 ADCR3 
0067 
0068 
A/D conversion result register 4 ADCR4 
0069 8/16 


006A 

A/D conversion result register 5 ADCR5 
006B 
006C 

A/D conversion result register 6 ADCR6 
006D 
OO6E 

A/D conversion result register 7 ADCR7 
OO6F 
0070 

PWM 0 counter PWIMICO 
0071 


0072 
0073 
0074 
0075 
0076 
0077 


0078 PWM _0 control register Fal 00H 
007A PWM 1 control register PWCON 1 00H 


PWM 0 register PWM | Pwo 


PWM 1 counter jews 





PWM 1 register | Pwnes R1 
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MEMORY MAP 


@ Program Memory Space 


0000H 0000H 
Vector 
Internal Table 
ROM Area 
0027H |_40 byte) 
0028H VCAL 
Table 
Area 
(16 byte) 
7FFFH 0037H 





8000H 0038H 
External 
ROM 
JS | 
7FFFH 


® Data Memory Space 


0000H 
| 007FH 
0080H 






0000H 






SFRs Special 












Function 
ac OOBFH Registers 
So aR PORT.A/DC 
oe | 0100H TIMER. PWM 
nterna OO7FH | = Ete..---- 
fae 047FH 0080H 
0480H 
OOBFH 
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047FH 
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ADDRESSING MODE 


The MSM66207 supports 64KB of data space and 64KB of program space with verious types of 
addressing modes. These modes divide into the following types. 


1. 


RAM ADDRESSING (FOR DATA SPACE) 


1.1 


Register Direct Addressing 
ex. 





eee ee ee ee ee ee ee 


Displacement Addressing 
a) Zero Page 





b) Direct Page 


ex. 





Pointing Register Indirect Addressing 
a) Data Pointer (DP) Indirect 





b) User Stack Pointer (USP) Indirect 


ex. 





SRL 10H [USP] 


- 128~ +127 


393 





© MSM66207/66P207 @ 


c) Index register (X1, X2) Indirect 
ex. 


INC 300H [X1] 


0-65535 





1.4 Immediate Addressing 


MOV SSP, # 27FH 


ex. 


2. ROM ADDRESSING (FOR PROGRAM SPACE) 


2.1. Direct Addressing 
ex. 









A, 2000H 


Cee ee ee ee eee ee ee 


2.2 Simple Indirect Addressing 
a) Local Register Indirect 
ex. 
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b) Pointing Register Indirect 
@ Data Pointer (DP) Indirect 


ex. 









@ User Stack Pointer (USP) Indirect 
ex. 








c) System Stack Pointer (SSP) Indirect 


ex. 









A, (SPI 


SSP 


d) Local Register Base (LRB) Indirect 


ex. 
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e) RAM Indirect 
ex. 








A, [OCOH]} 


Creer nsceoseseseansoense 


2.3. Double Indirect Addressing 
a) Data Pointer (DP) Double Indirect 
ex. 


ex. 


- 128~ + 127 


c) Index Register (X1, X2) Double Indirect 


ex. 
A, [1000H [x1] 


0~65535 
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2.4 =‘ Indirect Addressing with 16 bit offset 
a) Pointing Register Indirect 
@ Data Pointer (DP) Indirect 
ex. 







A, [100H [DP]] 


0~65535 


@ User Stack Pointer (USP) Indirect 


ex. 
A, [100H [USP] ] 


0~65535 


@ Index Register (X1, X2) Indirect 


ex. 
A, [100H [X1]] 


0~65535 


b) RAM Indirect 


ex. 
LC A, [2000H [80H] ] 


80H 


ROM 


0~65535 
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INSTRUCTIONS 


(Note) 





‘*’ Addressing mode expression 


‘#' and ‘imme’ Immediate value 


Data Transfer 


MOV #,A Ax 
er.* 
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MOVB PSWO, * PSWO0 < * 
MOVB SCB, * SCB <— * 








* *<—0 
ideas 





Push & Pop 


PUSHS *, A * — SYSTEM STACK 
POPS *, # * <— SYSTEM STACK 


Rotate & Shift 


Cc 


Increment & Decrement 































ROM Table Reference 


CMPC A, * * - * (ROM) | 
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LCB A, * A, <—* (ROM) 
CMPCB) A, ¥ A, — * (ROM) 
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Arithmetic Operation 











400 






























* <—* -—Imme. —C 


Logical Operation 


Comparison 
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Function 
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Decimal Adjust 


Decimal Adjust for Addition 
DAS Decimal Adjust for Substruct 


Data Type Conversion 


EXTND A15-8<An 






















Bit Operation 















ae aaa 









bit —0 


Jump & Call 














C , 
C ' 
BR it, 







J 
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Return 


Return from Subroutine 


Others 


C<1 


a 
Ca 


ABSOLUTE MAXIMUM RATINGS 


Output Voltage Ta=25°C V 
Analog Ref. Voltage V 























Analog Input Voltage 


z 
= 


Power Dissipation 
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OPERATING CONDITIONS 


Parameter Symbol Limits 
Memory Hold Voltage VpDH 2~5.5 
Operating Frequency fiosc) 0~10 
TTL load tens 


Ambient Temperature 


Fan Out 
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Unit 


< 


< 


MHz 


° 
mM 


OKI semiconductor 
MSM66301 





OKI ORIGINAL HIGH PERFORMANCE CMOS SINGLE CHIP 8/16 BIT 


MICROCONTROLLER 





GENERAL DESCRIPTION 


The OK! MSM66301 is a new generation, high performance single chip microcontroller 
implemented in silicon gate complementary metal oxide semiconductor technology (CMOS). 
Integrated within this chip are a 16-bit ALU, 16K bytes of mask program ROM, 512 bytes of data 
RAM, 48 I/O lines, built-in 16-bit timers, 10-bit A/D converter, serial I/O port, pulse width modulator 


(PWM), and an oscillator. 


FEATURES 
@ §8-Bit External Data Bus Interface e 
@ 16-Bit Internal Architecture e 


@ 64K address space for program memory 
(including 16K bytes on-chip ROM) 


@ 512K address space for data memory 
(including 512 bytes on-chip RAM) 


@ Highspeed execution . 
Minimum Cycle for Instruction: 
400ns (10MHz) 


@ The Abundance of Powerful Instructions 

8/16 data transfer operation 
8/16 bit arithmetic operation 

16(8) bit x 16(8) bit >32(16) bit 

32(16) bit x 16(8) bit—>32(16) bit 

16(8) bit + 16(8) bit—16(8) bit 
8/16 logic operation e 
Bit operation 
String operation 
User stack operation e 
ROM table access operation 


® Thesame instruction allows both byte and 
word width operation according to Data 
Descriptor. 
That is to say, the same algorithm and the 
Same source program lines are applicable 
to byte and word width data 
manipulation with only changing Data e 
Descriptor. 


@® Many Addressing Modes 


8 Input lines 40 Input/Output lines 


Built-in 16 bit timer x 4 
Each timer has the following 4 modes. 
Auto reload timer mode 
Clock output mode 
Capture register mode 
Real time output mode 


Serial Port x 1 ch. 

(variable bit length, baud rate generators 

for transmitter & receiver) 
Asynchronous normal mode 
Asynchronous multi processor 
communication mode 
Synchronous normal mode 
Synchronous multi processor 
communication mode 


16 bit Pulse Width Modulator x 2 
Transition Detector x 4 
10 bit A/D converter (8 channel) 


1 non-maskable interrupt, 16 maskable 
interrupts 


Stand-by Function 
Software Clock stop 
Software CPU stop 
Hardware CPU stop 


Package: 


64 pin shrink DIP (SDIP64-P-750) 
64 pin plastic QFP (QFP64-P-1414-K) 
68 pin PLCC (QFJ68-P-S950) 
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PIN CONFIGURATION 


AD0/0, 
AD1P0, 
AD2/P0, 
AD3/P0, 
AD4/P0, 
ADS/P0, 
ADEP0, 
A070, 

ABIP 1g 

AgP), 
A101, 
ANI, 
Al2P1, 
A131, 
Al4P 1, 
AISI, 
A16/P2, 
A172, 
A182, 

CLKOUTIP2, 

RESOUT 
ALE 
PSEN. 
RD 
WR 
READY 
—A 
Fur 


voo 
VREF 
AGNO 
PS,/AI7 
PS,/AI6 
PS,/AIS 
PS,/AIG 
PS,/AI3 
PS,/AN2 

PS JAIN 
PSQ/AI0 
P4,/TRANS3 
P4/TRANS2 
P4,/TRANS! 
Pa,/TRANSO 
P4,/PWM1 
P4,/PWMO 
PA, /TMICK 
P4g/TMOCK 
P3,/TM310 
P3./TM210 
P3,/TM110 
P3,/TMOIO 
P3,fNTI 
P3,/INTO 
P3,/RXD 
P39/TXD 
P2,/RXC 
P2,/TXC 
P2s/HLDA 
P2,/HOLD 
NMI 


clalelsistelelstctaisisistctalelatatclatctataleletel alata eles 
alslalalelstelals|stelsiotslela|s|clstcislcls|clelatelslalstals 





FUNCTIONAL BLOCK DIAGRAM 


INSTRUCTION 
DECODER 


TIMER =k) INSTRUCTION 
REGISTER 


SERIAL PORT SERS. 
K > AD7~A00 


TRANS3 
TRANS2 
TRANS! 


TRANSO 
— > A18~A8 
AI7~Al0 


AGND 


rPORHZON NOD er psam-aixm 


PORT 


UIUC UIT 


PS P4 P3 PZ PI PO 
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PIN DESCRIPTION 


Designation Input/Output Function 

POo — PO7/ PO: 8-bit I/O port. Each bit can be assigned to input or 
output. 

ADO - AD7 VO AD: Outputs the lower 8 bits of program counter 
during external program memory fetch, and 
receives the addressed instruction under the 
control of PSEN. Also outputs the address, 
Outputs or inputs data during an external data 
memory access instruction, under the control of 
ALE, RD, and WR. 

P19 -P17/ /O P1: 8-bit!/O port. Each bit can be assigned to input or 
output. 

A8-Ai15 A: Outputs the upper 8 bits of program counter (PCg. 
15) during external program memory fetch. Also 
outputs the middle 8 bits of address during an 
external data memory access instructions. 

P29 — P22/ P2: 8-bit I/O port. Each bit can be assigned to input or 
output. 

A16-A18 A: Outputs the upper 3 bits of address during 
external data memory access instructions. 

P23/CLKOUT CLKOUT: Clock output pin. Output frequency range 
is equal to or twice the system clock. - 

P2,/HOLD /O HOLD: Input pin to request the CPU to enter the 
hardware power-down state. 

P2s/HLDA HLDA: HOLD ACKNOWLEDGE: the HLDA signal 
appears in response to the HOLD signal and 
indicates that the CPU has entered the 
power-down state. 

P2¢6/TxC TxC: Transmitter clock input/output pin. 

P27/RxC RxC: Receiver clock input/output pin. 

P39/TxD P3: 8-bit 1/O port. Each bit can be assigned to input or 
output. 

P3,/RxD TxD: Transmitter data output pin. 

P32/INTO RxD: Receiver data input pin. 

P33/INT1 /O INT: Interrupt Request Input pin. 

Falling edge trigger or level trigger !s selectable. 

P3,/TMOIO 1 TMOIO~TM3I0: One of the following signals is 

output or input. 

P35/TM110 @ clock twice the frequency range 

of the 16 bit timer overflow 

P3¢6/TM210 @ load trigger signal to the 

capture register input 
@ setting value output 
P37/TM3IO Whether the signal is input or output depends on the 


mode. 
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PIN DESCRIPTION (Continued) 


Designation Input/Output Function 
P4o/TMOCK P4: 8-bit I/O port. Each bit can be assigned to 
input or output 
P4,/TM1CK TMOCK, TMiCK: Clock input pins of timer 0, timer 1. 
P42/PWMO /O TRANS: Transition Detector. 
The input pins which sense the falling edge 
and set the flag. 
P43/PWM1 PWM: Pulse Wide Modulator output pin. 
P44 —P4,/ 
TRANSO - TRANS3 
P59 — P57/ INPUT P5: 8-bit input port. 
Ald - Al7 Al: Analog signal input pin for A/D converter. 
RESOUT OUTPUT Output ‘H’ level when the CPU is in RESET cycle. 
Reset to ‘L’ level by program. 
ALE OUTPUT Address Latch Enable: 


The timing pulse to latch the lower 8 bit of the 
address output from port 0 when the CPU accesses 
the external memory. 


PSEN OUTPUT Program Store Enable: 
The strobe pulse to fetch to external program 
memory. 

RD OUTPUT Output strobe activated during a bus read cycle. 


Used to enable data on to the bus from the external 
data memory. 


WR OUTPUT Output strobe during a bus write cycle. 
Used as write strobe to external data memory. 


INPUT Used when the CPU accesses low speed peripherals. 


EA INPUT Normaly set to ‘H’ level. 
If set to ‘L’ level, the CPU fetches the code from external 
program memory. 





FLT INPUT If FLT is ‘H’ level, ALE, WR, RD, PSEN are set ‘H’ level 
when reset. eae st 

If FLT is set to ‘L’, ALE, WR, RD, PSEN are set to floating 
level when reset. 


RES INPUT RESET input pin. 


OSCp, OSC, Oscillation circuit input and output. 


NMI INPUT Non maskable interrupt input pin (falling edge) 


VREF Reference voltage input pin for A/D converter 


AGND Ground for A/D converter 


VDD System power supply 


GND Ground 


A 
m 
> 
O 
< 
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REGISTERS 


e@ ACCUMULATOR 


@ CONTROL REGISTERS (CR) 


PROGRAM STATUS WORD 


PROGRAM COUNTER 
LOCAL REGISTER BASE LRB 


SYSTEM STACK POINTER 


@ POINTING REGISTERS (PR) 


INDEX REGISTER1 
INDEX REGISTER2 
DATA POINTER 

USER STACK POINTER 


@ LOCAL REGISTERS 
er0 
er 
er2 


er3 





@ SPECIAL FUNCTION REGISTERS (SFR) 


All of the I/O functions are controlled by SFRs. Also, some of the internal functions 
(Timer, WDT, etc, ...) are controlled by SFRs. SFRs are located in the top of RAM space 
(OO0OH~007FH). 
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MSM66301 SPECIAL FUNCTION REGISTERS [1] 


410 


Address 


(HEX) 
0000 
0001 
0002 
0003 


0004. 


0005 
0006 
0007 
0008 
0009 
000A 
000B 
000C 
000D 


OOOE 


0010 
0011 
0012 
0013 
0018 
0019 
001A 
001B 
001C 
0020 
0021 
0022 
0023 
0024 
0025 


0026 


0028 
0029 


002A 


002C 
002D 


002E 





SFR Name 


System Stack Printer 


Local Register Base 


Program Status Word 


Accumulator 


Source index register 
(for string operation) 


Destination index register 
(for string operation) 


Count register 
(for string operation) 


Source/destination bank register (for 
string operation) 


Standby control register 
Watchdog timer 
Peripheral control register 
Stop code acceptor 


interrupt request flag 


Interrupt Enable flag 


External interrupt control register 
Port 0 data register 

Port 0 mode register 

Port 1 data register 


Port 1 mode register 
Port 2 data register 
Port 2 mode register 


Port 2 secondary function control 
register 


Port 3 data register 
Port 3 mode register 


Port 3 secondary function control 
register 


Port 4 data register 
Port 4 mode register 


Port 4 secondary function control 
register 


age 


Abbreviat 
-ed Name 


SSP 
(ASSP) 


LRB 
(ALRB) 


PSWL 
(APSW) 


PSWH 


ACC 


BSDI 
SBYCON 


= 
S 


~ PRPHF 
STPACP 


EXICON 


Se) 
NO 


P2iO 
P2SF 


P3!10 
P3SF 


P4SF 


R/W 


= 


: 


8/16-bit 
operation 


8/16 


8/16 


Reset Value 


(HEX) 


FFH 
FFH 


undefined 


C8H 


OCH 
OOH 
00H 


undefined 


F8H or FOH 


Opto pea'S 


FDH 
no" 
00H 
00H 
OOH 
OOH 
FCH 
undefined 
OOH 
undefined 
00H 
undefined 
OOH 


07H 


undefined 
00H 


00H 


undefined 
00H 


00H 
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Address Abbreviat 8/16-bit {Reset Value 
(HEX) FR Name -ed Name operation (HEX) 
oar rons SOS*~<“~*~*~*~*~—“—~—~—~sSCCP RTC 
0030 00H 

Timer 0 counter TMO 
0031 OOH 
0032 OOH 
Timer 0 register TMRO 
0033 OOH 
0034 OOH 
Timer 1 counter TM1 
0035 OOH 
i Timer 1 regist TMR1 = 
imer 1 register 
0037 : RW] 16 00H 
0038 OOH 
Timer 2 counter TM2 
0039 OOH 
003A OOH 
Timer 2 register TMR2 
003B OOH 
003C ; 00H 
Timer 3 counter TM3 
003D OOH 
003E 00H 
Timer 3 register TMR3 
003F OOH 
0040 Timer 0 Control register TCONO 00H 
0041 Timer 1 Control register TCON1 OOH 
0042 Timer 2 Control register TCON2 00H 
0043 Timer 3 Control register TCON3 00H 
0046 TANSIT undefined 
Serial port transmission baud rate 
Serial port transmission baud rate 
004A Serial port transmission control register STTMC OCH 
Serial port receiving baud rate 
Serial port receiving baud rate 
O04E Serial port receiving control register SRTMC OEH 
Serial port transmission mode control 
Serial port transmission data buffer , 
Serial port receiving mode control 
Serial port receiving data buffer . 
= oor fe | [nae 
0056 Serial port receiving error register SRSTAT FOH 
0058 A/D scan mode register ADSCAN | RAW 80H 
0059 A/D select mode register ADSEL AOH 
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Address Abbreviat 8/16-bit |Reset Value 
0060 
A/D conversion result register 0 ADCRO 
0061 
0062 ; 
A/D conversion result register 1 ADCR1 
0063 
0064 
A/D conversion result register 2 ADCR2 
0065 | undefined 
0066 | 
A/D conversion result register 3 ADCR3 
0067 
0068 
A/D conversion result register 4 ADCR4 
0069 8/16 
006A 
A/D conversion result register 5 ADCRS 
006B 
006C 
A/D conversion result register 6 ADCR6 
— 006D 
OO6E 
A/D conversion result register 7 ADCR7 
OO6F os 
0070 OOH 
PWM 0 counter PWMCO 
0071 00H 
oe PWM 0 regist PWMRO a 
register 
0073 4 00H 
0074 OOH 
PWM 1 counter PWMC1 | RAW 
0075 | OOH 
0076 OOH 
PWM 1 register PWIMR1 
0077 OOH 


0078 PWM 0 control register PWCONO poe 00H 


| 00H 


007A PWM 1 control register PWCON1 
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ADDRESSING MODE 


The MSM66301 supports 512KB (64KB x 8 BANKs) of data space and 64KB of program space with 
verious types of addressing modes. These modes divide into the following types. 


1. RAM ADDRESSING (FOR DATA SPACE) 


1.1 


Register Direct Addressing 
ex. 





See re WY, op YY 


Displacement Addressing 
a) Zero Page 





b) Direct Page 
ex. 





Pointing Register Indirect Addressing 
a) Data Pointer (DP) Indirect 


— 128~ + 127 
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c) Index register (X1, X2) Indirect 
ex. 








INC 300H [X11] 


0-65535 


d) User Stack Painter (USP) indirect with preincrement 
ex. 


1.4 Immediate Addressing 


MOV ssP, # 27FH 


ex. 


2. ROM ADDRESSING (FOR PROGRAM SPACE) 
2.1. Direct Addressing 
ex. 


2.2. Simple Indirect Addressing 
a) Local Register Indirect 
ex. 
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b) Pointing Register Indirect 
@ Data Pointer (DP) Indirect 
ex. 









@ User Stack Pointer (USP) Indirect 
ex. 


@ Index Register (X1, X2) Indirect 
ex. 


c) System Stack Pointer (SSP) Indirect 


ex. 
A, [SSP] 


d) Local Register Base (LRB) Indirect 
ex. 
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e) RAM Indirect 
ex. 











A, [0COH] 


Pere rena seesseresoves 


2.3. Double Indirect Addressing 
a) Data Pointer (DP) Double Indirect 


eX. 





ex. 





- 128~ + 127 


c) Index Register (X1, X2) Double Indirect 
ex. 





A, [1000H [X1]] 


0~65535 
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Indirect Addressing with 16 bit offset 
a) Pointing Register Indirect 

@ Data Pointer (DP) Indirect 
ex. 







A, [100H [DP}] 


0~65535 


@® User Stack Pointer (USP) Indirect 


ex. 
A, [100H [USP] ] 


0~65535 


@ Index Register (X1, X2) Indirect 


eX. 
A, (100H 1X1} 


0~65535 


b) RAM Indirect 


ex. 
LC A, [2000H [80H] ] 


80H 


ROM 


0~65535 
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INSTRUCTIONS 


(Note) ‘*" Addressing mode expression 


'#' and’imme’ Immediate value 


Data Transfer 


er.* 





























TRNS USP, LRB USP, 5-3 <— LRB1+2-9 


USP2_9 <0 
TRNS LRB, USP LRBj2.9 USP 15.3 


LRB 15.13 <0 
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ae an 
amoubmuneeset 
an ena 






Push & Pop 


Rotate & Shift 


SLL * 
SRL * 
SRA * 
























ro eae 
sth Shift left Logical 






SRL Shift right Logical 
Shift right Arithmetic 


Increment & Decrement 


ROM Table Reference 


CMPC A, * * — *« (ROM) 
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PUSHUB * * — USER STACK 
POPUB A A, < USER STACK 






































LCB A, * A, <—* (ROM) 
CMPCB A,* A, ~ * (ROM) 
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Arithmetic Operation 
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a a 





























Logical Operation 













* < xorA 





OR *, # 






XOR A, * 





XOR *,A 





XOR *, d 






XOR *, # 






Comparison 


ee ee femme 
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* 
* 




















2 
A 
,d 
# 
ORB # 
RB ,d 
# 


A 
* 
* 






are ee fame 
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Stack Operation 


Decimal Adjust 


Decimal Adjust for Addition 
Decimal Adjust for Substruct 




























Data Type Conversion 


EXTND A15-8<An 


Bit Operation 









Execute 


Execute Specified Data as the Instruction 
2 
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Jump & Call 


C 
BS i 
















Return 







String Operation 







Others 


Ca 












Return from Subroutine 
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C ' 
BR it, 














J 
VCAL  table:adrs 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 
Supply Voltage 
Input Voltage 
Output Voltage 
Analog Ref. Voltage 
Analog Input Voltage 


Power Dissipation 


Storage Temperature 


Parameter 
Supply Voltage 


Memory Hold Voltage 


Ambient Temperature 


Fan Out 
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Vo 


VR 


Ta = 25°C 


-0.3~7.0 
-0 3~Vpp + 0.3 
-0.3~Vpp + 0.3 


-—0.3~Vpp + 0.3 


- 0.3~VpR 


Ta = 25°C (per package) | 400 MAX 


OPERATING CONDITIONS 


MOS load 


TTL wert 


P1,P2,P3, P4 


-40~ +85 





V 


V 


< 


< 


< 


Unit 


V 


V 


MHz 


 @ 
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DC CHARACTERISTICS 
(Vpp =5V+£10%, Ta= -40~ + 85°C) 


Parameter fed Race TYP Unit 
“H” Output voltage *2 ar: — 200pA paz fo fo V 
Input Leak Current *3 *6 *7 4 ee a ee pA 
Input Current *5 Stn | vievoov | | | 1/- 20 pA 
Input Current *8 AS eter Raton 10/-10 | pA 


Output Leak Current *1 *2 *4 lLo Vo = Vpp/0V ae +2 pA 
; f= 1MHz, 
. f= 1MHz, 
Mega. | | oz | | ws 
Current Consumption (STOP) Ta = 25°C ** 


Current Consumption (HALT) IpbH No ee mA 
fe) y Load 


*1 Applied for PO *6 Applied for READY, EA 

*2 Applied for P1, P2, P3, P4 *7 Applied for FLT 

*3 Applied for PS re *8 Applied for OSC 

*4 Applied for ALE, om. RD, WR, RESOUT ** Port for input terminal is Vpp or OV. 
*5 Applied for RES, NMI The other ports are non-loaded. 
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AC CHARACTERISTICS 


External Program Memory Control 


Parameter Symbol 


Clock (OSC) Pulse 
ALE Pulse Width 
PSEN Pulse Width 


(Vpp =5V 410%, Ta= -40~ + 85°C) 


TYP | MAX | Unit 
ns 
ns 
ns 


5 
wn 
~ 
"A 


2tow - 2 
Stow - 2 
PSEN Pulse Delay Time 


tow ~ 2 tow + 20 ns 


e+ ct ct ct 
Vivir lo 


Low Address Set Up Time tow - 3 tow + 20 


Low Address Hold Time CL=SOpF | tyw-2 tewt+ 40 | ns 


High Address Delay Time tow - 2 tow +40 | ns 


ct (oan + 
x Oo ss 


High Address Hold Time tow - 2 tow +40 | ns 


Instruction Set Up Time 


t+ 
NM 


Instruction Hold Time 


= 
Ew 


tow ~ 20 ns 


External Data Memory Control 
: (Vpp =5V£10%, Ta= -40~ +85°C) 


High Address Hold Time 


Parameter | Symbol | Conditions | min | TvP | MAX Unit 
ALE Pulse Width os atw-20t | ~d: ws 
RD Pulse Width eu /Stew-20] =| | ns 
WR Pulse Width S4tew-20} | ns 
RD Pulse Delay Time | tew-20 | | tow+20- ns 
WR Pulse Delay Time Htyw-20 | | tew+ 20 | nS 
Low Address Set Up Time | tew-35 |_| tow +20 | ns 
Low Address Hold Time taaH CL = 50pF Styw-20 | | tow +40 | nS 
High Address Delay Time taapd tow +40 | ns 


tow - 2 tow + 40 ns 


st 5 
a ca 
5 
n 


faa 

— 
High Address Hold Time we 2tyw-20} | 2tyw+40 | ns 

Memory Data Set Up Time M ) 100 J 
Memory Data Hold Time tuy ee ae tow — 20 ns 
Data Delay Time top | tew-20 | | tow +40 | ns 
| 2tew- 20] | 2tgw+40 | ns 


Data Retention Time tox 2tow — 20 
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OLMS-67K SERIES 
(OKI ORIGINAL) 


OKI semiconductor 


MSM67620/67P620 





OKI ORIGINAL HIGH PERFORMANCE CMOS 16 BIT SINGLE CHIP 


MICROCONTROLLER 





GENERAL DESCRIPTION 


MSM67620 is a high-performance 16-bit single-chip microcontroller that employs Oki’s original 
nX-16 CPU core, and integrates memory as well as peripheral functions on-chip. With a minimum 
instruction execution time of 200 ns (10MHz clock), the MSM67620 is capable of high-speed 
processing, and includes 16 K words (16 x 16 K) of program memory, 256 words (16 x 256) of data 
memory, 8-bit timers, 16-bit timers, capture input/compare output, a serial port, and other 
functions on chip. Also available is the MSM67P620, which replaces the on-chip program memory 


with one-time PROM. 


FEATURES 


CPU 
@® 16-bit CPU using Oki original architecture 
@ General Register Machine 
Four banks of eight 16-bit registers 
@ Data Types 
Bit*, byte (8 bits), word (16 bits), double 
word** (32 bits) 
* Bit operation instructions 
** Multiplication/division instructions 


@ High-Speed Data Processing (10 MHz Clock) 
16-bit addition and subtraction 200 ns 
16-bit multiplication 2.3 ps 
32 = 16 bit division 2.3 ps 

3-Words Instruction Queue 

Highly Orthogonal Instruction Set 

Bit Operation Instructions 

Easy-To-Use I/O Access Instruction 


Address Space 
Program Memory: 64 K words 
Data Memory: 64 K bytes 


Peripheral Functions 

@ 8-bit auto reload timer x 2 

@ 16-bit auto reload timer x 3 

e 4-channel capture input/compare output 

@ Serial port with 8-bit baud rate generator 
Asynchronous mode/Synchronous mode 

@® 8-bit parallel port x 7 
Bit-by-bit Input/Output specification 


Interrupts 

@ 3external interrupts (NMI, INTO, INT1) 
@ 10internal interrupt factors 

@ Apriority level settings 


On-Chip Memory 
@ 256 words data memory 


@ 16K words program memory 
Mask ROM --- MSM67620 
One-time PROM --- MSM67P620 


Power Down Modes 


@ Halt mode 
Terminates instruction execution but 
peripheral functions keep operating 


@ Stop mode 
Stop system clock oscillation 


Packages 

@ 64 pin plastic shrink DIP (SDIP64-P-750) 
@ 64pin plastic QFP (T.B.D) 

@ 68 pin PLCC (QFJ68-P-S950) 
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PIN CONFIGURATION 


External 
Data 
Memory 
Address/Data 


64-pin Plastic Shrink DIP 


Baois/e3.7 [2 | 
panrae3.6 [ 3 | 
8a013/P3.5 [4 | 
paoi23.4 fs | 
Ba011/P3.3 | 6 | 
BaoioP3.2 [7 | 
panye3.1 | 8 | 
eane/e3.0 f 9 | 


(Top View) 


| 63 | P1.7/A01S 
| 62 | P1.6/AD18 
| 61 | P1.5/A013 
| 60 | Pr.asaor2 
59 | PLavAnit 
r 58 ] 1.270010 
PY.1/AD9 

| 56 ] P1.0/A08 


External 
Program 
Memory 
Address/Data 
Bus 





vag RAD7/P2.7 ss | Po. A07 
BADE/P2.6 
BADS/P2.5 | 12 | 
BAD4/P2.4 { 13 | 
BAD3/P2.3 | 14 | 
BAD2/P2.2 [ 15 | 


| $4 | PO.6/AD6 


| 52 } P0.4/AD4 
51 | P0.3/A03 
P0.27AD2 
BADI/P2.1 | 16 | 
Bapo/P2.0 [17 | 
wrw/ea7 [16 | P4.0/PSEN 
| 46 | P41 ALE 
| 45 | P4.2/8REQ 
| 44 | P4.3/ HACK 
| 43 | PS.7/TxCK 
| 42 | PS 6/AXCK 
| 41 | Ps.svaxu 
| 40 | PS.4/TXU 


pacespa.a [ 21 | 


cap3/cmP3/P6.3 [ 26 | 
CAP2/ CMP2/P6.2 [| 27 | 
caPiscoPtP6.1 { 28 | 
CAPO/ CMPO/ PE.0 | 29 | 





FUNCTIONAL BLOCK DIAGRAM 


CONTROL | 
sig! 


REGISTER 


ose FILE 
& 


TIMING 


o4nmov 


INTERNAL 
ROM 
16K x 16 


A 
1) 
o 
R 
E 
$ 
$ 


ADDRESS 
REG. 


[| aw 
Z| 


Ek; Soe 2) f 


16a: Aure- SERIAL VO 
P3.0 


P3.7-~-<-- P47 --~—> PAD INT. INTO 


P2.7 --==-P2.0 


Signals marked with x are used as secondary function of Port 4 to 6. 


wvVSrA~wuPn 
NVZOA-NUEN 
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PIN DESCRIPTIONS 


Type Pin Name /O Description 


8-bit bidirectional port that allows bit-by-bit 
0 specification for I/O. Secondary function of port 0 is 
external program memory address/data but. 


P0.0~P0.7 
(port 0) 


8-bit bidirectional port that allows bit-by-bit 
VO specification for I/O. Secondary function of port 1 is 
external program memory address/data bus. 





8-bit bidirectional port that allows bit-by-bit 


ee /O specification for I/O. Secondary function of port 2 is 
po external data memory address/data bus. 
P3.0~P3.7 8-bit bidirectional port that allows bit-by-bit 
. (t aut 3) /O specification for I/O. Secondary function of port 3 is 
on P external data memory address/data bus. 
8-bit bidirectional port that allows bit-by-bit 
P4.0~P4.7 feation ¢ F f 
(port 4) /O specification for I/O. Secondary functions of port 4 


are external address/data bus control signal I/O pins. 


8-bit bidirectional port that allows bit-by-bit 
P5.0~P5.7 specification for I/O. Secondary functions of port 5 


(port 5) se are on-chip timer clock input pins, serial port I/O 
pins; external interrupt input pins. 
P6.0~P6.7 8-bit bidirectional port that allows bit-by-bit 
(port 6) specification for I/O. Secondary function of port 6 


are capture input/compare output I/O pins. 





System reset input pin. “L” level input performs 


Ree system reset; pulled up to Vcc by resistance. 


| Input 


Program memory select input pin. “L" level input for 
Input |external program memory; “H” level input for 
internal program memory. High impedance input. 


A 


System 


Control System clock input pin. Quartz oscillator or ceramic 


oscillator is connected between XTAL1 and XTAL2. 
For external clock, input at XTAL1, leaving XTAL2 
open. 


XTAL1 Input 


XTAL2 Output | System clock output pin. 


Non-maskable interrupt input pin. High impedance 


Interrupt input 


< 


Py = 
e re) 
ect 


cc Input | +5V power supply pin. 


Power Supply 
Vss5 Input | GND pins. Connect both to power supply (0 V). 
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SECONDARY FUNCTIONS OF PORTS 


Type Pin Name VO Description 
/O 


Lower 8 bits of external program memory 
AD0~AD7 | address/data bus. Port 0 secondary function (P0.0 to 
PO.7). 
Upper 8 bits of external program memory 
AD8~AD15 //O address/data bus. Port 1 secondary function (P1.0 to 
P1.7). 
——- E | in; 
PSEN Output abernia program memory read strobe output pin; 
low active output. P4.0 secondary function. 


External program memory address latch signal 
in. AL h Iti 
ALE Output output pin. ALE latches address from multiplexed 

address/data bus ADO through AD15. P4.1 secondary 
function. 
Lower 8 bits of external data memory address/data 

BADO~BAD7 /O 

bus. Port 2 secondary function (P2.0 to P2.7). 

Upper 8 bits of external data memory address/data 

BAD8~BAD15 /O 
bus. Port 3 secondary function (3.0 to P3.7). 


Bus and Bus External data memory address latch signal output 
Control l tin! 
BALE Output pin. BALE latches address from multiplexed 
address/data bus BADO through BAD 15. P4.4 
secondary function. 


Output External data memory read strobe output pin; low 
active output. P4.5 secondary function. 


External data memory lower byte write strobe 
WRL Output | output pin; low active output. Secondary function 
of P4.6. 


External data memory upper byte write strobe 
WR Output | output pin; low active output. Secondary function 


ia 


of P4.7. 


Bus request input pin. “H” level input opens 
BREQ Input | address/data bus to external device. P4.2 secondary 
function. 


Bus acknowledge output pin. High active output 
BACK Output | that indicates address/data bus is open to external 


device. P4.3 secondary function. 
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REGISTERS 


®@ General Purpose Registers (used as data registers and address registers) 


Four banks, each with eight 16-bit registers 





® Special Purpose Registers 


PC 
(Program Counter) 


(Stack Pointer) 


PSW 
(Program Status Word) 


SP 15 0 
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@ PSW Configuration 


15 0 
seis Sak Gh Wk Sk en 


Zero flag 
Carry flag 
Overflow flag 
Negative flag 
Half-carry flag 
User flags 
Master interrupt enable flag 


Register bank select flags 





MEMORY MAP 


Data Memory Space Program Memory Space 
64Kbytes (8 x 64K) 64Kwords (16 x 64K) 


Zero Page Vector Table 


Area 


Internal 
Internal Data Memory Program Memory Program 
Memory 


External Data 
Memory 


External Program 


Memory 


OFFFFH OFFFFH 





435 


© MSM67620/67P620 e 


SFR TABLE 


Address 
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(HEX) 
0000 
0001 

0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
000A 
000B 
000C 
000D 
OO0E 
OOOF 
0010 
0011 

0012 
0013 

0014 
0015 
0016 
0017 
0018 
0019 
001A 
001B 
001C 
001D 
OO1E 

001F 
0020 
0021 

0022 

0023 


Port 0 

PortO direction register 
Port 1 

Port 1 direction register 
Port 2 

Port2 direction register 
Port 3 

Port3 direction register 
Port 4 

Port4 direction register 
Port 5 

Port5 direction register 
Port 6 

Port6 direction register 
Port4 mode register 
PortS mode register 
Interface control register 


External interrupt control register 


Program status word 


* PSW during word operation 


Stack pointer 


* SP during word operation 


Interrupt priority register 


* IP during word operation 


Interrupt enable register 


* IE during word operation 


In-service priority register 


Serial port transmit/receive buffer 


Serial port control register 
Serial port status register 
Baud rate counter 

Baud rate register 

Baud rate control register 


Oscillation start control register 





Timer 0 control register 


Timer 1 control register 


R/W ; 


R 
W 


f 


e 
‘ 


. 
' 


Read/write 
Read only 
Word only 


PODIR 


PiDIR 


ae} 
N) 


P2DIR 
P3 
P3DIR 


PA4DIR 


P5DIR 


| P6DIR 
P4MOD 
P5MOD 
IFCON 
XICON 
PSWL 
PSWH 


Win 
Vin 
= 


alelols 
~~ a i 
={z 


viv 
TIT ir 


m 
= i 


ISPR 
SBUF 
SCON 
SSTAT 
BRC 

R 
BCON 
Osco 
TOCO 
T1CO 


W/B 
W 
B 


OO 
Py) 


= 


me We 


~e 


Reset 


undefined 
OOH 
undefined 
0OH 
undefined 
00H 
undefined 
00H 
OFXH 
OFOH 
undefined 
00H 
undefined 
OOH 
R/W OF3H 
00H 
OBBH 
OEOH 


OOH 
OFCH 
undefined 


W/B_} undefined 


OFFH 

OFFH 

00H 

OFOH 

fe Re OFOH 
undefined 

OOH 

RW OEOH 
OOH 

OOH 

OFOH 
undefined 
OEOH 
OEOH 

Word/byte access 


Write access only 
Byte access only 
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eee Read/ |Word/ pail 
a |Write | Byte i 


T2CON OE2H 
T3CON OE2H 
OEOH 
OF3H 
OEOH 
OOH 
OFOH 
OFEH 
OFEH 


Address 
(HEX) 


0024 | Timer 2 control register 


0025 | Timer 3 control register 
0026 | Capture timer control register CTCON 
SYSCON | R/W 
P6MOD 


002A | System control register 
002B_ | Port 6 mode register 
0030 | Capture control register CAPCON 
0031 | Capture interrupt flag register CAPINT 

OFEH 


0032 | Compare output 0 buffer CMPOBF 
CMP1BF 
W 
CMP2BF 
CMIP3BF OFEH 


0033 | Compare output 1 buffer 
CAPRO O0O00H 
CAPR1 0000H 
CAPR2 0000H 
CAPR3 W_ | 0000H 
OO00H 


0034 | Compare output 2 buffer 
0035 | Compare output 3 buffer 
0060 | Capture register 0 
0062 | Capture register 1 
0064 | Capture register 2 
0066 | Capture register 3 
0070 | Timer 0 counter 
0072 | Timer 0 register 0000H 
0074 | Timer 1 counter 0000H 
0000H 
OOH 
OOH 
OOH 
OOH 
0O00H 
OO00H 


= be. 
DIA 


0076 | Timer 1 register 
0078 | Timer 2 counter 
0079 | Timer 2 register 
007A | Timer 3 counter 
007B | Timer 3 register 


TOC 
TOR 
T2C 
T2R 
T3C 
T3R 
CTC 
CTR 





007C | Capture timer counter 





Q007E | Capture timer register 
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ADDRESSING MODES 
MSM67620's instruction set allows use of eight addressing modes. 


1. Register Direct Addressing Rm 


Example 







General Purpose Registers 
DAA 


2. Immediate Addressing #n 


Example 


MOV RO, #1234H 


3. Direct Addressing adrs 


Example 


Data Memory 
MOV 


4. Indirect Addressing [Rm] 


Example 


Data Memory 
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5. Pre-Decrement Addressing [- Rm] 


Example 
MOV RO, [- R2] 


‘’ 








Data Memory 
| R2 <—(R2) -2 


6. Post-Increment Addressing [Rm + ] 


Example 


MOV RO, [R2 +] Data Memory 


2 


| R2 <(R2)+2 


= 


7. Index Addressing adrs [Rm] 





Example 


Data Memory 


8. PC Relative Addressing adrs 


Example 


2 ais 


| Program Memory 


aq —— 
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INSTRUCTION TABLE 


@ Arithmetic Operations 


Minemonic Function 


Data addition 
Short data addition (#1 to #8 addition) 


Data addition with carry 


Data subtraction 

Short data subtraction (#1 to #8 subtraction) 
Data subtraction with carry 
Multiplication 

Division 

Word quick division (16-bit quotient) 
Two's complement 

Register decimal adjust after addition 
Register decimal adjust after subtraction 
Comparison 

Test (comparison with zero) 

Signed word extension 


Unsigned word extension 





@ Logical Operations 


Logical AND 
Zero page area immediate logical AND 


Logical OR 


Zero page area immediate logical OR 


Exclusive OR 


Zero page area immediate exclusive OR 





Data complement 
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Mnemonic Function 


MOV MOVB 
MOVS MOVSB 
MOVZ Rm MOVZB Rm 
MOVZ #n MOVZB #n 
MOVR 

MOVC 

XCH 

SWAP 

CLR 


® Rotate and Shift 


Data transfer 


Short immediate transfer (#1 to #8 transfer) 


Zero page area data transfer 


Immediate data transfer to zero page area 
Data transfer between register banks 
Code data transfer 

Data swap 

High byte and low byte swap 


Clear 





Mnemonic Function 


@ Bit Operations 


Register rotate left 

Register rotate right 

Register and carry flag rotate left 
Register and carry flag rotate right 
Register shift left 

Register shift right 





Register shift right arithmetic 


Mnemonic Function 





Bit set 

Bit clear 

Bit complement 

Bit test 

Carry and bit logical AND 
Carry and bit logical OR 
Carry and bit exclusive OR 
Carry and bit transfer 
Carry flag set 

Carry flag reset 


Carry flag complement 
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@ Jumps 
Jump 
Short jump 


Indirect jump 


Conditional jump 


Zero page area bit condition jump 


Decrement register, and jump if not 0 


@ Subroutines 


Mnemonic Function 


PUSH Rm Register push 
PUSH PSW PSW push 


POP Rm Register pop 
POP PSW PSW pop 


CAL Subroutine call 

SCAL Subroutine short call 

CAL [Rm] Indirect call according to register Rm contents 
RET Return from subroutine 

RETI Return from interrupt 


RETNMI Return from NMI 





@ CPU Control 


Interrupt enable 
Interrupt disable 


Halt (instruction execution halt) 


Stop (clock oscillation stop) 





System reset by software 
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Type Pin Name /O Description 


External interrupt 0 input pin. P5.0 secondar 
function. 
Interrupt 
NTI External interrupt 1 input pin. P5.1 secondary 
function. 
Timer 0 external clock input pin. P5.2 secondar 
function. 
Timer 1 external clock input pin. P5.3 secondar 
function. 
Tc input Capture timer exten! clock input pin. P6.4 
secondary function. 
Serial port data transmit pin. P5.4 secondar 
function. 
RXU Serial port data receive pin. P5.5 secondary function. 
Serial Port eek Output Serial port receive synchronizing clock output pin. 
P5.6 secondary function. 
TXCK Output Serial port transmit synchronizing clock output pin. 
P5.7 secondary function. 


Capture input/compare output channel 0 
input/output pin. Capture trigger input pin in 

CAPO/ CMPO /O capture input mode, output pin when compare match 
is generated in compare output mode. P6.0 
secondary function. 


Capture input/compare output channel 1 
input/output pin. Capture trigger input pin in 
CAP 1/ CMP 1 /O capture input mode, output pin when compare match 


is generated in compare output mode. P6.1 
Capture Input 


/ Compare 
Output 


secondary function. 


Capture input/compare output channel 2 
‘input/output pin. Capture trigger input pin in 

CAP2/ CMP2 VO capture input mode, output pin when compare match 
is generated in compare output mode. P6.2 
secondary function. 


Capture input/compare output channel 3 
input/output pin. Capture trigger input pin in 
CAP3/CMP3 /O capture input mode, output pin when compare match 
is generated in compare output mode. P6.3 


secondary function. 
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MICROCONTROLLER PROGRAM DEVELOPMENT 


SUPPORT SYSTEM 


GENERAL 


The EASE program development 
support system has been developed for 
an exclusive purpose of conducting rapid 
and efficient program development for 
Oki's CMOS 4-bit, 8-bit and 16-bit one- 
chip microcontrollers. 


FEATURES 

@ In-circuit emulation is possible by 
connecting to a host CP/M, computer 
having RS 232C interface or such an 
input/output unit as CRT terminal. 

e A user program area of sufficient 
capacity is available, making possible 
code transfer between this area and 
the floppy disk, referencing/modifica- 
tion of the area data and continu-ous 
execution/stopped execution thereof. 

@® Multiple break (interruption of emula- 
tion) factors of execution address or 
machine cycle counter can be selected. 


@ The EPROM writer is available, per-— 


mitting write/transfer/comparison of 
the data in the user program area. 


® Transmission format 









EASE 6502 










EASE 80C49 


EASE 80C51mk Il 
EASE 66301 


EASE 6458 
EASE 62780 





- 110 to 9600 bps 
‘8 bits, 2 stop bits,even-parity 7bits, 2 stop bits, even parity 
7bits, 2 stop bits, odd parity (switch operation) 


EASE Series 


@ The debugging operation of the user 
program can be designated by a 
debug command ‘from the keyboard 
of an input/output unit connected. 

@ The diagnosis program for the system 
is built in. 


CONDITIONS OF HOST 
COMPUTER 

In the case where a computer of 80 
system other than the if800, the system 
can use CP/M-80 (ver 2.0 or more), 
requiring a memory capacity of 52K 
bytes or more. 

Also , the assignment of CON: =TTY: 
is possible, so that direct input to or 
output from the RS232C port must be 
possible. (Software for PC. DOS is also 
available) 


DATA TRANSMISSION SYSTEM 
FOR EMULATION KIT IC USED: 
® Communication interface: 
MSM82C51A 
@ Driver/receiver: 
SN75188N, SN75189N 












- 110 to 2400 bps 

- 8 bits, 2 stop bits, non-parity 
- 300 to 19200 bps 

- 8 bits, 2 stop bits, non-parity 
- 110 to 9600 bps 

- 8 bits, 2 stop bits, non-parity 






EASE 5052/56 
EASE 6400 
EASE 6051 


EASE 6352 
EASE 5054/55 
EASE 6351/53 
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SYSTEM CONFIGURATION 


This system is configured of a high- By connecting the emulation kit and 
performance evaluation emulator (inclu- the host CP/M computer (such as the 
ding an EASE host monitor, emulation if800) having the RS232C interface, all 
kit and host CP/M computer} and a operations ranging from assembly of a 


strong cross assembler/ASM cross assem- — source program to evaluation/ debug of 
bler operated under CP/M. the program can be accomplished. 
* 
User. 
application | 
circuit 
- EASE. COM 
- ASM. COM 
FDD 
* *¥kK* 
< am Pl © 
Emulation ext Host Ea 
bit R computer * 


> | 


| 
ie co 
| 
* ** 
! 
‘Seas = 
suppl 
+5V +12V -12V 


ONWNM 


Notes; 
- CP/M is a registered trade mark of U.S. Digital Research, Inc. 
- The part indicated by * should be supplied by the user. 
- The part indicated by ** should be supplied by the user only for 
EASE6502 and EASE80C49. 
- The part indicated by *** is an emulation kit that can be used with the 
MS.DOS computer as option. 


EASE 5052/56, EASE 5054/55, EASE 6352 
EASE 6351/53 

EASE 6400 

EASE 6502 

EASE 80C49 

EASE 80C51mk II 

EASE 62780 

EASE 66301 
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OKI semiconductor 
EASE6400 


PROGRAM DEVELOPMENT SUPPORT SYSTEM 








APPLICABLE MODELS 


The EASE6400 Program Development Support System is capable of program 
development and evaluation of OKI’s CMOS 4-bit one-chip microcontroller Series 
OLMS64. The applicable models include MSM6408, MSM6404, MSM6402, 6422, 
MSM6411 and MSM6442, MSM6434. 


SUPPLY FORMAT 


stem Name 


Hardware | EASE6400 Emulation kit for evaluation of OLMS-64 
Emulation kit | Series 4-bit one-chip microcomputer 


Software | EASE Floppy disk base host monitor 
ASM6400 Floppy disk base cross assembler 


EASE6400 TM-6400 ee alt development support system users 


TCU-6400 Connection cable for user application system 


Accessories | | CS-2 Connection cable for host CP/M computer 
(for if800 Modei 20/30) 
TCP-2 AC cable for power supp! 
TCX-3 External probe for emulation 


*CP/M file 5 1/4 inch double-side double-density, 8-inch single-side single density 
MS-DOS file (optional software), PC-DOS file (optional software) 






i ORY Ro ERY copy 
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GENERAL DESCRIPTION OF CROSS ASSEMBLER 


The ASM6400 Cross Assembler is a high-performance unit with a floppy disk base 
operated under CP/M or MS-DOS. This assembler produces an object file (Intel HEX 
format), assemble list file and a cross reference file into a designated system. 


FEATURES 
@ Free description style of the source @ The branch pseudo instruction 
program. permits automatic production of an 


object code assigned with in-page 
jump instruction or full-page jump 
instruction. | 


@ Ten types of operators can be 
described in the operand column of 
the source program. 

@ The output of the assemble list file 
can be controlled by the LIST, NLST 
pseudo instructions. 


@ The number of characters for each 
line and the number of lines per page 
of the assemble list file can be 

Li designated. @ List of pseudo instructions. 
€ 


Fourteen different types of strong 
pseudo instructions are available. 


LIST OF PSEUDO INSTRUCTIONS 


ieion Function 

EQU Assigns the operand value to the name 

SET Similar 1o EQU pseudo instruction, but redefinable 

ORG Sets starting address of program 

END Means end of program 

B .| Checks destination of branch and automatically converts into in-page 
or full-page jump instruction 

DB Definition of 8-bit data or ASCII character 

DS Secures a memory area for as many bytes as designated 

NSE The four least significant bits of the location counter of the assembler 
are set to zero and 16 is added. In the process, the empty area not 
assigned with any machine instruction is assigned with NOP 
Instruction. 

DATE Fills the date in the title section of assemble list 

PAGE Changes the page of assemble list 

TITL Gives title to assemble list 

LIST Designates the output of assemble list 

NLST Inhibits output of assemble list 

TYPE Gives microcomputer model number of OLMS64 Series 
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GENERAL DESCRIPTION OF EMULATOR 


The EASE6400 Emulator efficiently supports all debug jobs for development from 
the debug lacking user application circuits to the debug of a complete system of the 
OLMS64 Series application program configured of a host computer and the EASE6400 


Emulation Kit. 


Real-time Trace Function Not Affecting 
Execution Time 


The EASE6400 Emulation Kit has a 
real-time trace area for 2048 machine 
cycles, and by setting an address of the 
user program where trace is to be 
effected, the condition of an instruction 
code, board and probe can be traced 
each time of execution of a designated 
address. 


Execution Time Measuring Function 


By use of a cycle counter on the 
EASE6400 Emulation Kit, the time of 
execution process of the user program 
can be measured. (Max. 16777215 
cycles) 


Also, the counter can be used as a 
pass counter, making it possible to 
determine how many times a specific 
address has been executed. Further, the 
emulation may be suspended after a 
specific address has been executed a 
designated number of times. 


Wide User Program Area 


The EASE6400 Emulation Kit is 
provided with 8192 bytes of static RAM 
area aS a user program area, freeing the 
user from the worry about the shortage 
of memory capacity at the time of 
debug. The user program can of course 
be loaded or saved in this RAM area 
from the host CP/M computer. Further, 
equipped with an EPROM writer, this kit 
is capable of writing the content of 
RAM area into EPROM or reading the 
content of EPROM. 


Multiple Break Functions 


This emulator has the following six 
methods of interrupting (breaking) the 
program execution: 


a) BREAKPOINT BREAK 
This break occurs when a designated 
address is executed (possible for all 
addresses). 


EXTERNAL BREAK 
A break due to an external forcible 
break signal. 


c) HALT/STOP INSTRUCTION BREAK 
A break occurs upon execution of 
HALT or STOP instruction. 


TRACE BUFFER FULL BREAK 
Breaks when the trace area 
overflows. 


e) CYCLE COUNTER OVERFLOW 
BREAK 
Breaks when the cycle counter 
overflows. 


f) PROBE MATCH BREAK 
Breaks when the probe data 
coincides with the set data. 


b 


~~ 


d 


al 


Wealth of Debug Commands 


Not only the display or modication 
of the data in each register, port or 
RAM is effected but also an efficient 
debug job is performed by the 
following commands: 


a) Execution of user program 
Input format: 
Number of STP instructions and 
starting address 
By entering a command as 
mentioned above, the user program 
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b 


~~ 
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can be executed by the designated 
number of instructions from a desig- 
nated address (starting address). 


Input format: 
G starting address and break 
address (n) 
When the command mentioned 
above is entered, the user program is 
executed from a designated address 
(starting address), and upon execu- 
tion of a designated address (break 
address) n times, the emulation is 
stopped. 
Note: The program execution is 
suspended each time the designated 
address is executed. 


Input format: 
G starting address and break 
address RAM (Address-n) 
When this message is entered, the 
execution of the user program is 
started from a designated address 


(starting address), and upon execu- . 


tion of a designated address (break 
address), the emulation is stopped if 
the data in the address of the RAM 
designated isn. Also in this case, the 
program execution is suspended 
each time the designated address is 
executed. 


Utilization of floppy disk 


Input format: 
LOD file name 


In accordance with this command, 


the data of the designated file (user 
program) can be loaded in the code 
memory on the EASE6400 emulation 


kit corresponding to the mask ROM 
area of OLMS64 Series. 


Input format: 
SAV file name starting address 
and end address 


This command enable the data in 
the designated area of the code 
memory to be saved by a designated 
file name. 


c) Instruction executed bit memory 


This emulator has an instruction exe- 
cuted bit memory representing the 
address where the user program has 
been executed. By checking the 
data in this memory, therefore, it is 
possible to know the flow of the 
program. 


Command Format Easy To Remember 


The debug command of this 
emulator is configured of a command 
mnemonic and the following para- 
meters (address or mnemonic). 


Command mnemonic structure: 


a) First character 
Means the function performed by 
the emulator 


b 


~~! 


Second and subsequent characters 
The name of the object of the 
function performed by the emu- 
lator. Evaluation chip of MSM6400 
or the register, memory or port 
name of EASE6400 emulation kit 
(abbreviated name). 


e EASE6400 e 


[Example] 
*DDM O 1F [gl] 


ce Ay | 


ab cde f 


Command input wait from the 
emulator is displayed. 

The display of the object data 
designated is indicated. 


Data memory (corresponding to 
RAM area of MSM6404) is 
designated. 

Start address of the data 
displayed 

End address of the data displayed 
Carriage return meaning the end 
of command entry 
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MEMORY STRUCTURE OF EMULATOR 


The memory area of the EASE6400 Emulator usable by the user is shown below. The 
portions surrounded by frame in the drawing indicate the register or memory areas 
accessible by way of keyboard of the host computer, where display or modification is 





possible by debug command. 
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P1 
256x4 4 
PORT 4 PORT 5 PORT 6 PORT 7 PORT 8 
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REGISTER MASK REGISTER REGISTER REGISTER 
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SYNC OUTPUT BIT MEMORY 
INSTRUCTION EXECUTED BIT MEMORY 
TRACE ENABLE BIT MEMORY 
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CYCLE COUNTER TRACE POINTER 
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MEMORY 


8192 x 1 


OPERATION OF MAIN MEMORIES 


Code Memory 


The code memory is a RAM area of 
8192x8 bits and corresponds to the 
ROM area of OLMS64 Series for storing 
the user program. (ROM capacity of 
MSM6404 is 4000 bytes) 


Data Memory 


The data memory, making up a RAM 
area of 2564 bits, corresponds to the 
internal RAM area of OLMS64 Series. 


Instruction Executed Bit Memory 


This memory, a RAM area of 8192 x 1 
bits having the same address as the 
code memory, and has the bit corres- 
ponding to the address thereof set to 1 
upon execution of the program in the 
code memory. By checking the content 
of this memory, the flow of the 
program can be determined. 


Break Point Bit Memory 


The break point bit memory is an 
RAM area of 8192x1 bits having the 
Same address as the code memory. 
When the bit of this memory is 1, the 
program is suspended immediately 
after execution of the content of the 
code memory corresponding to the 
address thereof. 


Trace Enable Bit Memory 


This memory is a RAM area of 
8192 x 1 bits having the same address as 
the code memory. When the content of 
this memory is set to 1, the contents of 
the port and register are stored in the 
trace memory when the content of the 
code memory corresponding to the 
address thereof is executed. 
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Sink Output Bit Memory 


This memory is a RAM area of 
8192 x 1 bits, and has the same address 
as the code memory. When the content 
of the code memory is executed, the 
corresponding bit to this memory is 
checked, and if the bit is 1, a sync signal 
is applied to the probe terminal. 


Cycle Counter Enable Bit Memory 


This memory is a RAM area of 
8192 x 1 bits having the same address as 
the code memory. When the content of 
code memory is executed, the content 
of the corresponding bit of this is 
checked, and if the bit is 1, the cycle 
counter is counted up in accordance 
with the machine cycle thereof. 


Probe Compare Register/Probe Mask 


By changing these two settings, the 
conditions for causing a break (probe 
match break) by the input data from 
the probe can be changed. 


Initial/Final Buffer 


These two buffers, which are a RAM 
area of 210 x 8bits, are for initial setting 
of MSM6400E for evaluation chip in 
real-time emulation or for storing the 
conditions of MSM6400 immediately 
following a break. 


Trace Memory 


The trace memory is a RAM area of 
2048 x 66 bits for storing the trace data. 
The trace designation is effected by the 
trace enable bit. 


; 
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LIST OF DEBUGGING COMMANDS 


Load, Save, and VerifyCommand 


LOO (dr : }fiename./ 
SAV (dr ; )flename (address, address) / 
VER (dr : )filename (address, address) -/ 


EPROM Command . 


TYPE mnenonic ~ 
PPR address. address (. address) ~ 

TPR address. address (, address) / : 
VPR address. address (. address) ~ 


















Load programs into code memory 
Save code memory program 
Verity fie with code memory 


























EPROM Type set 
Program Code Memory into EPROM 
Transfer EPROM into Code Memory 
Verity EPROM with Code Memory 





Oisplay Program Counter 
Change Program Counter 












Display Stack Pointer 
Change Stack Powter 


Change Carry Flag 
HL OHLY Display HL. registers 
CHL data Change H+. registers 
FR OFRY Oisplay Flag Register 
CFR data/ Change Flag Register 
OPny (n=Q, 1,23, ---8) Display Port n 
CPn data (n=Q 1, 3, ---8) Change Port n 
OCMRY Display Counter Mode Register (port 9) 
CCMR data Change Counter Mode Register 
OSMRY Display Shift Mode Register (port A) 
CSMA data | Change Shitt Mode Register 
OCFR Display Control Flag Register (port 8) 
# Change CFR command is not permitted 
OEIF Osplay Enable interrupt Flag (port C) 
CEIF data/ Change Enable Interrupt Flag 
OIROY Display Interrupt Request Flag (port 0) 
# Change IRQ command is not permitted 
OME! -/ Display Master Enable Interrupt Flag 
CME] data Change Master Enable Interrupt Flag : 
fe 
Display of Data Memory and Code Memory, Change and Field Command 


OOM address (, address) / Display Data Momory 
OM COM address. data data---/ Change Oata Memory 
FOM address, address, data./ Fii Data Memory 



























OCM address (, address) _ 
CCM address data data---/ 
FCM address, address, data 


Display Code Memory 
Change Code Memory 
Fi Code Memory 
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Display of Attribute Memory, Enable and Reset Command 


OBP address (, address) / 
EBP address (, address) 
RBP addres (, address) 4 


OTR address (, address) Y 
ETR address (, address) 
ATR address (, address) / 


OIE address (, address) / 
FOE address (, address) / 


OCE address ( address) / 
ECE address (, address) / 
ACE address (, address) / 


OSO address (, address) / 
ESO address (, address) / 
RSO address (, address) / 


Display Command of Trace Memory 


Other 


OTM number, number 


Display of Hardware and Chan 


SBc ((+ )mnemonn, ---) / 


Display Break Pot Bas Memory 
Enable Break Pont 84s Memory 
Reset Break Pont Bas Memory 


Display Trace Enable 84s Memory 
Enable Trace Enable Bits Memory 
Reset Trace Enable 8’s Memory 


Oisplay Instruction Executed Bas Memory 
Reset Instructon Executed Bas Memory 


Display Cycle Counter Enable Bas Memory 
Enable Cycle Counter Enable Gis Memory 
Reset Cycle Counter Enable 8s Memory 


Oisplay Sync Out Enable 84s Memory 
Enable Sync Out Enable Bas Memory 
Reset Sync Out Enable Bas Memory 


Oisplay Trace Memory 
Display Trace List 


ge Commnd 


Display Cycle Counter 
Change Cycle Counter 


Display Break Condition Register 
Set Break Condition Register 
mnemonic means one of folowing keywords here. 
BS ---Break at Break Point 
XB ---External Break 
CO---Cycle Counter Over Flow 
TF ---Trace Memory Ful 
PM---Probe Match 
HS ---HALT/STOP instruction Executed 


OPM 
CPM data 


OCRY 
of CCR data 


OEM 
CEM mode-ref/ 


Oisplay Probe Mask Register 
Change Probe Mask Register 


Display Probe Compare Register 
Change Probe Compare Register 


Display Executon Mode Register 
Change Executon Mode Register 
mode-ref means one of folowing keywords here 

iF --18 TOFS 
IN ---I8 = TO NON 
NN:--NON TO NON 
NF---NON TO FB 
FF--FB TO FB 
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OBLK address (, address) / Display Block Memory 


BLK SP8 address (, address)~ Set Block Memory into Program Block 
SOB address (, address) / Set Block Memory into Data Block 


BANK | Bank 1 of 2 | Set Attribute Memory Bank register 


Initial Buffer, Final Buffer 





OIBY Display Initial Buffer 
OFBY Display Final Buffer 
Cikey-word data/ Change elements of Initial Buffer 
key-word---AC, HL, FR, SMR, CMR, MEI, EIF, 
CY. Pn (n=Q 1, 3 4, --, 8) 
ig CIOM address-/data data---/ Change Initial Buffer Data Memory 
FB CF key-word data—/ Change elements of Final Buffer 
key-word:--AC, HL. FR, SMR, CMR, MEI, EIF, 
CY, Pn (n=O, 1,3, 4, ---, 8) 
CFOM address./data data:--/ Change Final Buffer Data Memory 
FIOM address, address, data Fill Inital Butfer Data Memory 


FFOM address, address, data/ Fa Final Buffer Data Memory 





Assemble or Disassemble Command 


ASM address-/mnemonic:----- md Assemble to Code Memory 
DASM address (, address) / Disassemble to Console 


Emulation Command 





G (start-address) (, break-parameter, --- Go (Start Real Time Emulabon) 
acs }~ 
GO (start-address) (, break-parameter, Go Dwect (Start Real Time Emulation) 
steeeeees JY break-parameter format is shown below 
1) address 
2) address (n) 
3) address (n)& address (m) 
4) address RAM (address — data) 
tsa, ms 65535 
STP (number) (, address) / Start Step Execution 
Other Commands 





Command-Repeat 
HELPY Display Help File (EASE64. HLP) 
EXITS Exit to CP/M 
RES Reset EASE6400 system 
RES EY Reset Eva-chip (MSM6400E) 


sio {fh} Set communication mode 


DIV / CH2 port Oatpur Control 
ST mnemonic Family Set 

FOO (dr----+-dr} Flopy Disk Unit Set 
DIR Display file directory 
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MODEL-WISE MODULE (option) 


The module-wise module is provided 
for efficient program development and 
evaluation of respective microcontroller 
models of OLMS64 Series. 


It is divided into PAM64 Series 
conveni-ently used for program evalu- 
ation in connection with the EASE6400 
Emulation Kit and PEM64 Series effec- 
tive for final evaluation of the program 
using the program EPROM. 


@ PAM6411 and PEM6411 


PAM6411 and PEM6411 are used for 
MSM6411. 


@ PAM6411 has a cable connected to 
the EASE6400 Emulation Kit and a 
cable having a 16-pin DIP connector 
for connection the user application 
circuit. The name of each signal of 
the 16-pin DIP connector is arranged 
the same way as the terminals of the 
MSM6411, permitting direction 
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insertion into the sockets of the 
printed board of the user application 
circuit. 


PEM6411 has a cable with a 16-pin 
DIP connector connected to the user 
application circuit and the program 
EPROM socket and an X’tal board 
packageable with an external crystal 
oscillator. The program EPROM 
usable by being set on the EPROM 
socket is of four types including 2732, 
2732A, 2764 and 27128, and is provi- 
ded in a form suitable for the final 
evaluation of the program converted 
to EPROM. The DC power (+5V) is 
supplied from the user application 
circuit through the user cable. The 
current consumption is the total of 
current consumed by EPROM, the 
microcontroller MSM6400E for 
program evaluation (CMOS' IC) and 
the oscillation MSM4069 and 
MSM4052. 
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@ PAMG6422 and PEM6422 


PAM6422 and PEM6422 are used for 
MSM6422. : 


@ PAM6422 has a cable connected to 
the EASE6400 Emulation Kit and a 
cable with a 24-pin DIP connector 
connected to the user application 
circuit. The name of each signal of 
the 24-pin DIP connector is arranged 
in the same manner as the MSM6422 
terminals, and therefore direct inser- 
tion is possible into the sockets of the 
printed board of the user application 
circuit. 


@ PAM6434 and PEM6434 


PAM6434 and PEM6434 are used for 
program development of MSM6434. 


@ PAM6434 has a cable connected to 
the EASE6400 Emulation Kit and a 
cable with a 30-pin shrink DIP connec- 
tor connected to the user application 
circuit. The terminals of the 30-pin 
shrink DIP connector arranged in the 
Same order as those of MSM6434 
making possible direct connection to 
the user application circuit. 
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@ PEM6422 has a cable with a 24-pin 


DIP connector connected to the 
program EPROM socket and the user 
application circuit and an X’tal board 
packageable on an external crystal 
oscillator. The program EPROM 
usable by being set on the EPROM 
socket is of four types including 2732, 
2732A, 2764 and 27128, which are 
presented in a form suitable for final 
evaluation of the EPROM-converted 
program. The DC power (+5V) is 
supplied from the user application 
circuit through the user cable. The 
current consumption is a total of 
current consumed by EPROM, the 
microcontroller MSM6400E (CMOS’ 
IC) for program evaluation and an 
oscillation MSM4069 and MSM4052. 


PEM6434 has a 30-pin shrink DIP 
connector for connection to the 
EPROM socket and the user applica- 
tion circuit. The EPROM usable by 
being set in the EPROM socket is of 
four types including 2732, 2732A, and 
2764, which are given in a form 
suitable for final evaluation of the 
EPROM-converted program. The DC 
power (+5V) is supplied from the user 
application circuit through the 30-pin 
shrink DIP connector. The current 
consumption involved is a total of 
current consumed by EPROM, the 
microcontroller MSM6400E for 
program evaluation, A/D conversion 
IC (CMOS’ IC) and one TTL. 


@ PAM6442 and PEM6442 
PAM6442 and PEM6442 are used for 


MSM6442. 
@® PAM6442 has a cable connected to 


the EASE6400 Emulation Kit and a 
cable with a connector to the user 
application circuit. PAM6442 case has 
packaged therein an LCD driver 
(CMOS’ IC) having the same function 
as the driver section of MSM6442LCD, 
making possible efficient program 
development in connection with an 
actual equipment (user application 
unit). 


PEM6442 has a cable with a connector 
to the program EPROM socket and 
the user application circuit and an 
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X'tal board packageable with an 
external crystal oscillator. The 
program EPROM usable by being set 
in the EPROM socket is of four types 
including 2732, 2732A, 2764 and 
27128, and are given in a form 
suitable for final evaluation of the 
EPROM-converted program. The DC 
power (+5V) is supplied from the 
user application circuit through the 
user cable. The current consumption 
involved is a sum of those currents 
consumed by the EPROM, the 
microcomputer (CMOS’ IC) for 
program evaluation, oscillation 
MSM4069, LCD drive (CMOS' IC) and 
several standard CMOS’ ICs. 
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OKI semiconductor 
EASE 6458 


PROGRAM DEVELOPMENT SUPPORT SYSTEM 


APPLICABLE MODELS 


The EASE6458 program development support system can perform program 
development and evaluation of Oki’s CMOS 4-bit one-chip microcontroller MSC6458. It 
is a high-performance system exclusely developed incorporating Oki’s own concept and 
technologies with the intention of efficient and prompt program development for 
MSC6458. 


System Name 


Hardware | EASE6458 Emulation kit for MSC6458 
Emulation kit 


system user’s manual 
AM-6458 ASM6458 cross assembler manual 


Accessories | }CU-6458 User application system connection cable 


TCS-2 Host CP/M computer connection cable (for 
if800 Model 20/30) | 


TCP-2 AC power cable (100V/220V) 
TCX-6458 Probe cable 


*CP/M file 54 inch double-side double-density, 8-inch single-side single density. 
MS-DOS file (optional software), PC-DOS file (optional software). 


Software Floppy disk base host monitor* 
ASM6458 Floppy disk base cross assembler* 
EASEGASS Manual |TM-6458 EASE6458 program development support 
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GENERAL DESCRIPTION OF CROSS ASSEMBLER 


The ASM6458 is a high-performance cross assembler with floppy disk base operated 
under CP/M or MS-DOS. This assembler generates the object file (Intel HEX format), 
assemble list file and the cross reference list file into a designated system. 


FEATURES 


@ Asource program of free description 
type 

® Ten types of operation can be 
described in the operand column of 
the source program. 


Thirteen types of strong pseudo 
instructions are available. 


A branch pseudo instruction makes it 
possible to obtain an object code 
assigned with an in-page jump 


instruction or a full-page jump 


¢ The number of characters per line 
instruction automatically. 


and the number of lines per page of 
the assemble list file can be e By the LIST or NLST pseudo 
designated. instruction, the output of the 


B. “Théerocereteroncehentilecan be assemble list file can be controlled. 


generated. ® List of pseudo instructions. 


LIST OF PSEUDO INSTRUCTIONS 


aecueeon puaCOn 
EQU Assigns the operand value to the name 
SET Similar to the EQU pseudo instruction, but redefinable 
ORG Sets the starting address of the program 
END Means the end of a program 
B Checks the destination of a branch, converting to the in-page or full- 
page jump instruction automatically. 
DB Definition of the 8-bit data or ASII character 
DS Secures a memory area for as many bytes as designated. 
NSE The value of the four least significant bits of the location counter of 


the assembler is reduced to zero, and 16 is added. The empty area not 
assigned with a machine lanquage is assigned with an NOP instruction. 


DATE Fills a date in the title section of the assemble list. 
PAGE Changes the page of the assemble list. 

TITL Gives a title to the assemble list. | 

LIST Designates the output of the assemble list. 

NLST Inhibits the output of the assemble list 
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GENERAL DESCRIPTION OF EMULATOR 


The EASE6458 Emulator, by being connected with a host computer through R$232C 
Interface, efficiently supports all types of debug jobs in development work from debug 
free of user application circuits for MSC6458 application program to the debug for a 
completed system. 


Real-Time Emulation 


MSC6458E, an exclusive chip for 
evalution, is used, permitting real-time 
emulation without insertion of wait 
state. 


Execution Time Measurment Function 


By using the cycle counter on this 
emulation kit, the execution time of the 
user program can be measured. (32-bit 
binary counter) 


The start/stop of the cycle counter is 
effected by setting a start address/stop 
address of the cycle counter by 
commands. 


Wide User Program Area 


This emulator is equipped with a 
16K-byte RAM area as a user program 
area (code memory), and therefore all 
the user programs on the host CP/M 
computers can be loaded in the RAM 
area. 


Further, with the EPROM writer 
provided, the data of the user program 
area can be written in EPROM or data 
can be read from the EPROM. 
(Applicable models: 12732, 2732A, 
2764, 27128, 27256) 


Multiple Break Functions 


This emulator has the following 
methods of breaking (suspending) the 
program execution, each capable of 
being set or cancelled: 
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a) BREAK POINT BREAK 
A break that occurs when the prog- 
ram of the same address as that 
where a break point is set is execu- 
ted. (All address can be designated) 


ADDRESS BREAK 

A break that occures when the add- 
ress designated at the time of entry 
of an emulation command is 
executed. Also, a break may be 
designated to occur upon n 
executions of a designated address. 


c) BREAK DUE TO POWER-DOWN 
A break occurs in power-down 
mode. 


d) BREAK BY EXTERNAL FORCIBLE 
BREAK SIGNAL 
A break can be caused by input of 
low-level signal from an external 
source by use of an accessorial probe 
cable. 


b 


—— 


e) OVERFLOW OF TRACE MEMORY 


A break that occurs when the trace 
memory is filled up with trace 
information. 


f) OVERFLOW OF CYCLE COUNTER 


g) BREAK DUE TO CONTENT OF 

INTERNAL RAM AREA 

A break occurs when the data of an 
internal RAM of a designated 
MSC6458E is checked at the time of 
execution of a program of a 
designated address and coincides 
with a designated content a 
designated number of times. 


~~ 


Improved Function of Real-Time Tracing 


This emulator has a real-time trace 
area that does not affect the following 
two types of execution time: 


e Trace memory 


A memory for tracing (storing) the 
conditions of the port, carry flag and 
accumulator of MSC6458E when an 
instruction in the code memory is 
executed. (for a maximum of 2048 
machine cycles) The following three 
methods are available for trace 
designation: 


a) A method in which trace is effected 
each time of execution of a designa- 
ted address. 


b) A method in which trace is effected 
when a special instruction is exe- 
cuted. (CAL, LCAL, RTS, PUSH, etc.) 


c) A method in which a trace is 
conducted by a trace start/stop bit. 


e Flash trace memory 


A memory for tracing the conditions 
of all the areas of internal RAM of 
MSc6458 in executing the instruc- 
tion of a designated address by an 
emulation command (debug 
command). 


The data of the internal RAM area can 
be stored a maximum of 32 times. 


Easy-to-Use Emulator Command 


The emulator command of this 
emulator (debug command) consists of 
a command mnemonic and a following 
parameter (address or mnemonic). 


Construction of command mnemonic 


a) First character 
Means a function performed by 
the emulator. 
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b) Second and subsequent characters 
These make up the name of an 
object of the function performed by 
the emulator. An abbreviated name 
of memory, port and address of the 
EASE6458 Emulation Kit are 
inserted. 


[Example] 
*DDM O 1F [gi 


NIV | 
f 


| | 
ab cde 


Indication of command input 
wait from emulator 
Designation of display of the 
data of the object designated 
Designation of data memory 
(corresponding to internal RAM 
area of MSC6458E) 

Starting address of the data 
displayed. 

End address of the data 
displayed. 

Carriage return meaning the end 
of command input. 





This emulator has a variety of emulator 
commands not only for display/change 
of the data of each register and port of 
the MSC6458E exclusive chip for evalu- 
ation but also efficient debugging. 


Input format: 
STP NUMBER START ADDRESS 


By input of a command as 
mentioned above, the user program 
can be executed as many as the 
instructions (commands) from a 
designated address (start address). 
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Input format: 
G START ADDRESS, PARAMETER 


PARAMETER INPUT FORMAT 
1. BREAK ADDRESS, ------ BREAK ADDRESS 
2. BREAK ADDRESS (n) 


3. BREAK ADDRESS RAMram ADDRESS 


(byte-n) 
When a command is entered like (1), 
the user program is executed from a 
designated address (start address), 
and a break occurs when any of the 
break addresses designated is 
executed. 


Upon entry of a command of (2), the 
user program is executed from the 
Start address, and a break occurs 
upon a number n of executions of a 
designated break address. 


Upon entry of a command like (3), 
the data at a designated address 
(ram address) of the internal RAM of 
MSC6458 is checked at the time of 
execution of the user program of a 
break address executed from a 
designated start address and com- 
pared with a designated data (byte), 
with the result that they coincide 
with each other a number n of times. 


Input format: 


1. LOD FILENAME 

2. SAV FILENAME START ADDRESS 
END ADDRESS 

3. VER FILENAME START ADDRESS 
END ADDRESS 


By entering a command like (1), the 
data (user program) of a designated 
file can be loaded in a code memory 
on the EASE6458 Emulation Kit cor- 
responding to the program memory 
(user program) area of MSC6458. 


By the command of (2), the data in 
the designated range in the code 
memory can be saved by the 
designated file name. 


The entry of (3), on the other hand, 
permits comparison of the data of a 
designated file with that of the code 
memory. 


Input format: 
1. DIAG FILE NAME 


The command in the file designated 


by the command of (1) can be exe- 
cuted automatically. Also, if used 
with the PAUSE command, this 
command suspends the execution of 
the command in the file. 


Input format: 
1. LIST FILE NAME 
2. NLST 


By using these two commands, a file 


with the same content as the console 
display can be prepared. If it is used 
with the above-mentioned DIAG 
command, on the other hand, the 
operator is set free of the need to 
attend the host CP/M computer. 


Input format: 
S MNEMONTC DATA NUMBER 


This command makes it possible to 
search the trace data (mnemonic) 
designated in the trace memory. 
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COMMAND MEMORY & DATA MEMORY COMMANDS | 







1. OCM address (address) Display Code Memory 
2 OOM address (address) Display Data Memory 
3. CCM address Change Code Memory 
4. COM address Change Data Memory 
5. FCM address address byte Fil Code Memory with byte 
6. FOM address address byte Fill Oata Memory with byte 
ATTRIBUTE MEMORY COMMANDS 
1. OB8P address (address) Display Break Pont Bit Memory 
2 OTR address (address) Display Trace Enable Bit Memory 
3. OSO address (address) Display Sync Output Enable Bit Memory 
4. OIE address (address) Display Instrucion Executed Bit Memory 
5. ESP address. . address Enable Break Point Bit 
6. €TR address. . address Enable Trace Enable Bit 
7. ESO address. . address Enable Sync Output Enable Bit 
8 FBP address address byte Fil Break Point Bit Memory with byte 
9. FTR address address byte Fil Trace Enable Bit Memory with byte 
10. FSO address address byte Fil Sync Output Enable Bit Memory with byte 
11. ABP addrass. . address Reset Break Point Bit 
12. BTR address. . address Reset Trace Enable Bit 
13. RSO address. . address Reset Sync Output Enable Bit 
14. RIE Reset Instruction Executed Bit Memory 
SUFFER MEMORY COMMANDS 
1. O8UF Dispiay Buffer Memory 
2 TBUF Transfer EVA internal Status into Buffer Memory 
3. LBUF Load Buffer Memory into EVA 
CYCLE COUNTER COMMANDS 
1. Occ Display Cycle Counter 
2 CCC data Change Cycle Counter 
3. TIME data Set 1 cycle time 
BREAK CONDITION & STATU OMMANDS 
1. OBC Display Break Status 
2 OBS Display Break Status 





3. S8C (+/—) mnemonic. . (+/—) mnemonic Set Break 


PROBE COMMANDS 


. OPM Display Probe Mask 
CPM Change * 


OCR Display Probe Compare Register 

. CCR ” 
-LLANEOU OM NID 
RES EASE6458 System initalzation 
RESE MSM6458E eva-chip reset 
SIO F or H Set Emulator to 1/0 terminal mode 
PAUSE Stop command file execution and wait key-in 
EXIT Reture host Computer’s 0S 
DIR (dr: } Display fill directory 





MAC Define command execution 
M Execute front command 
@ Repeat front command 
Cange VFLT voltage 
SssoP Set syncout palse 
EEXTR Enable External Reset 
REXTR Reset External Reset 


SPO ONABAAWHN > 


= = = 
N > 





7 
ad 
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DISK ACCESS COMMANDS 





































1. LOO (dr:} filename Load Program into Code Memory 

2 SAV (dr:) filename {address address) Save Code Memory Program 

3. VER (dr:} filename (address address) Verify File with Code Memory 

4 DIAG (dr:) filename Execute command file 

5. LIST (dr:} filename List console Output into Disk file 

6 NULST End ksting 

7 HELP Display HELP File 

& FOO dr dr: Set Disk Drive 

9. LSG (dr:) filename Load Data into Segmemt Data Memory 

10. SSG (dr:) filename Save Segement DataMemory Data 

11. VSG (dr) filename Verify File with Segment Data Memory 
EPROM WRITER COMMAND 

1. PPR address address (address) Program Code Memory into EPROM 

2. TPR address address (address) Transfer EPROM into Code Memory 

3. VPR address address (address) Verify EPROM with Code Memory 

4. TYPE mnemonic Set EPROM type 
ASSEMBLE COMMANDS 

1. ASM address Assembie to Code Memory 

2 OASM address Disassemble to Console 

3. OBLK address (address) Display Block Memory 

4. SPB address (address) Set Program Block 

5. SOB address (address) Set Data Block 
TRACE COMMANDS 

1. OTM-number number Display Trace Memory 

2 OFTM numbre number Display Flash Trace Memory 

3 OTG mnemonic Display Trigger Mode 

4. OFA Display Flash Trace address 

5. SS mnemonic data number Search Trace Memory data 

6. STG mnemonic Set Trigger Mode 

7. SFA address (address) Set Flash Trace address 

8 RFA address ( address) Reset Flash Trace address 

9. RTG mnemonic Reset Trigger Mode 





EMULATION COMMANDS 


1. STP number (st-address) 

2. G (st-address) (break-parameter) 
if the optional st-address is give, emulator wil begin emulation from st-address. 
And if optional break-parameter is given. 

emulation wil break on first break-parameter to be satisfied. 














break-parameter =break-address break-address (max.10) 
break-address (pass count) 
ram-address (byte-pass count) 
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EVA CHIP COMMANL 


D 
PC OPC 
CPC data 
AC DAC 
CAC data 
CY OCY 
CCY data 
MEIF OME! 
CME! data 
HL OHL 
CHL data 
PO OPO 
CPO data 
Pi OP1 
CPtidata 
P2 OP2 
P3 OP3 
CP3 data 
P4 OP4 
CP4 data 


P5 OPS5 

CP5 data 
P6 OFP6 

CP6 data 
P7 OP7 


data 
P8 OP8 
FR OFR 
CFR data 
SP OSP 
CSP data 
TMR OTMR 
CTMR data 
CT OCT 
CCT data 
SR OSR 
CCMR data 
OCMR 
CCMR data 
OSMR 
CSMR data 
OCFR 
CCFR data 
OIRO 
CIRO data 
DEIO 
CEID data 
OEle 
CEIE data 
OPF 
CPF data 





Display Regiater, Flag Port 
Display Progrm Counter 
Change ” 

Display Accumulator 

Change ” 

Dispay Carry 

Change ” 

Display Master Enable Interrupt Flag 
Change ” 
Display HL. Register 

Change ” 

Display PortO 

Change 9” * 

Display Port! 

Change * 

Display Port2 

Display Port3 

Change ” 

Display Ports 

Change” 

Display Port5 

Change °* 

Display Port6 

Change * 

Display Port7 

Change ° 

Display Port8 

Display F Register 

Change od 

Display Stack Pointer 
Change ” 

Display Programable Timer 
Change ” 

Display Timer Event Counter 
Change ” 

Display Shift Register 
Change ” 

Display Counter Mode Register 
Change ” 

Display Shift Mode Register 
Change ” 

Display Control Flag Register 
Change ” 

Display Interrupt Request Flag 
Change ” 

Display Enable Interrupt Flag O 
Change ” 

Display Enable Interrupt Flag E 
Change " 

Display Port F 

Change ” 
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OKI semiconductor 
EASE 6502 


PROGRAM DEVELOPMENT SUPPORT SYSTEM 


APPLICABLE MODELS 


The EASE6502 Program Development Support System is capable of developing and 
evaluating the programs of Oki’s CMOS 4-bit one-chip microcontroller OLMS65 Series. 
The applicable model is MSM6502. 


SUPPLY FORMATS 
System 






Name 


Hardware | MPB6502 Board for evaluating OLMS-65 Series 4-bit 
one-chip microcontroller 


Software | EASE65 Floppy disk base host monitor” 
ASM6502 Floppy disk base cross assembler") 


Manual |TM-6502 EASE6502 Development Support System 


CTU-6502 User application circuit connection cable 


Accessories | | CS-1 Host-CP/M computer connection cable (for 
if800 Model 20/30) 
TCP-1 Power supply cable (+ 5V, 4.5A) (+ 12V, 


0.2A) (-12V, 0.2A) 


TCX-1 External probe cable for emulation 
TCC-1 Board connection cable 


CP/M non-system disk 
@ 54-inch double-side double density if800 format 
® 8-inch single-side single density IBM3740 soft sectored format 


468 


e EASE6502 @ 


GENERAL DESCRIPTION OF CROSS ASSEMBLER 


~ASM6502 is a high-performance cross-assembler with floppy disk base adapted to be 
operated under CP/M or MS-DOS2). 


This assembler translates the source file on the disk prepared by use of a 
commercially-available editor, and generates a designated system from an object file 
(Intel HEX format), an assemble list file and a cross reference list file. 


2) MS-DOS version and PC-DOS version are optional softwares 


FEATURES 


@ Asource file of free description type @ Thirteen types of strong pseudo 


© Ten types of operator can be instructions are available. 


described in the operand column of @ An object code assigned with an in- 
the source program. page jump instruction or a full-page 
jump instruction is automatically 
obtained by a branch pseudo 
instruction. 


@ The number of characters per line 
and the number of lines per page of 
the assemble list file can be 
designated. @ The output of the assemble list file 

can be controlled by the LIST of NLIST 


@ Across reference list file can be ” 
pseudo instruction. 


generated. 


LIST OF PSEUDO INSTRUCTIONS 


acrUcion pono) 
EQU Assigns the value of an operand to the name 
SET Similar to EQU pseudo instruction but redefinable 
ORG Sets the start address of a program 
END Means the end of a program 
B Checks the destination of a branch converting automatically into an in- 
page/full-page jump instruction. 
DB Definition of 8-bit data or ASCII character 
DS Secures a memory area for the number of bytes as designated. 
NSE Sets to 0 the values of the four least significant bits of location counter 


of assembler, and adds 16. The empty area not assigned witha 
machine instruction is assigned with NOP instruction. 


DATE Fills the date in the title section of the assemble list. 
PAGE Changes the page of assemble list. 

TITL Gives a title to assemble list. 

LIST Designates output of assemble list. 

NLST Prohibits the output of the assemble list 
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GENERAL DESCRIPTION OF EMULATOR 


The EASE6502 Emulator, consisting of a host computer and an MPB6502 program 
evaluation board, efficiently supports the debug work for development task ranging 
from the debug job free of the user application circuit of the MSM6502 application 
program all the way to the debug job on a completed system. 
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Real-Time Trace Function Not 
Affecting Execution Time 

The MPB6502 evaluation board, with 
a real-time trace function for 2048 
machine cycles, is capable of tracing 
the conditions of the port, HL register 
or MEI flag by setting an address of 
the user program area the execution 
of which initiates trace. 


Execution Time Measurement 
Function 

By using a cycle counter on the 
MPB6502 evaluation board, the user 
program execution time can be mea- 
sured. (Max. 16777215 cycles) 

Also, this counter may be used as a 
pass counter for determining the 
number of executions conducted for 
a specific address. Further it is 
possible to suspend emulation upon 
execution of a specific address a 
designated number of times. 


Wide User Program Area 

The MPB6502 evaluation board is 
equipped with a static RAM area of 
4096 bytes as a user program area, 
and therefore there is no worry of 
shortage of the memory capacity at 
the time of debugging. The user 
program can of course by loaded or 
saved in this RAM area from the host 
CP/M computer. 

Further, this board is equipped with 
the EPROM writer permitting the 
data in the user program area to be 
written in the EPROM or the data in 
the EPROM to be read. 


a) 


b 


~~ 


C) 


= 


f) 


a) 


Multiple Break Functions 

This emulator has the following six 
methods of suspending the program 
execution: 


BREAKPOINT BREAK 

This break occurs when a designated 
address is executed. (possible for all 
addresses) 


EXTERNAL BREAK 
A break under an external break 
signal 


HALT INSTRUCTION BREAK 
A break caused by execution of the 
HALT instruction 


TRACE BUFFER FULL BREAK 
A break that occurs by overflow of 
the trace area 


CYCLE COUNTER OVER FLOW 
BREAK 

A break caused by overflow of the 
cycle counter 


PROBE MATCH BREAK 
A break caused by coincidence 
between probe data and set data. 


Wealth of Debug Commands 

Not only display or change of the 
data in each register, port or RAM but 
efficient debug work are pos-sible by 
the following commands: 


Execution of user program 


Input format: 
STP NUMBER OF INSTRUCTIONS, 
ADDRESS 


By entering this command, the user 
program can be executed as many 
instructions as designated from a 
designated address (start address). 


b 


wee 


Also, by designating the content of 
display by the SDF command at the 
same time, the display format can be 
made easier to watch. 


Input format: 
G START ADDRESS, BREAK 
ADDRESS (n) 


If this command is entered, the user 
program is executed from a desig- 
nated address (start address), and 
upon a number n of executions of a 
designated address (break address), 
emulation is stopped. 

Note: Program execution is sus- 
pended each time of execution of a 
designated address. 


Input format: 
G START ADDRESS, BREAK 
ADDRESS RAM (Address-n) 


Upon entry of this command, the 
user program begins to be executed 
from a designated address (start 
address), and upon execution of the 
designated address (break address), 
emulation is stopped if the desig- 
nated RAM address (address) is n. 
The program execution is also 
suspended each time of execution of 
the designated address. 


Utilization of floppy disk 


Input format: 
LOD FILE NAME 


This command permits the content 
of a designated file (user program) 
to be loaded in a code memory on 
the MPB6502 evaluation board 
corresponding to the mask ROM 
area of MSM6502. 


Input format: 
SAV FILE NAME, START 
ADDRESS, END ADDRESS 


c) 


e EASE6502 @ 


This command makes it possible to 
save the content in a designated 
range of a code memory by the 
designated file name. 


Input format: 
DIAG FILE NAME 


This command permits execution of 
a command in the designated file. 
At the same time, by use of the 
PAUSE command, the execution of a 
command: in the file can be 
suspended. 


Input format: 
LIST FILE NAME, NLST 

The use of these two commands 

makes it possible to prepare a file 

having the same content as the 

display on the console. 


If this command is used together 
with the DIAG command, the 
operator is not required to attend 
the host CP/M computer all the time 
any longer. 


Instruction executed bit memory 


This emulator has an instruction 
executed bit memory indicating the 
address for which the user program 
has been executed. By checking the 
data in this memory, therefore, 
program flow can be determined. 


Easy-to-Remember Command 
Format 


The debug command of this emu- 
lator consists of a command mne- 
monic and an immediately following 
parameter (address or mnemonic). 


Construction of Command Mnemonic: 


a) First character 


Means the function performed by 
the emulator. 
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b) Second and susequent characters 
The name of an object of the 
function performed by the 
emulator. Names of register, 
memory and port (abbreviated) of 
the MPB6502 evaluation board or indication orcommancinpel 


MISM6502 evaluation chip. wait from emulator 
Designation of display of content 
of designated object 
Designation of data memory 
(corresponding to RAM area of 
MSM6502) 

Start address of data to be 
displayed. 

End address of data to be 
displayed. 

Carriage return meaning 
command input end. 


[Example] 
* DDM 


| 
a 
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EMULATOR MEMORY CONSTRUCTION 


The memory areas of the EASE6502 that can be used by the user are shown below. 
The parts surrounded by rectangles indicate register and memory areas accessible by 
the computer keyboard. The display or change can be made by debug command. 


INSTRUCTION EXECUTED BIT MEMORY 


TRACE ENABLE BIT MEMORY SYNC OUTPUT BIT MEMORY 
BREAKPOINT BIT MEMORY CYCLE COUNTER ENABLE BIT 


MEMORY 
CM 
™ 
CODE T C 
MEMORY R E TRACE MEMORY 


4096 x 8 





2048 x 66 


lye 


4096 x 1 TRACE POINTER 





DM SG TP - 
on SEGMENT 
) YC ER 
MEMORY MEMORY CYCLE COUNT 
128% 4 208 8 CC 24 
PROGRAM ACCUMULATOR HL STACK INSTRUCTION 
COUNTER REGISTER POINTER DATA 
PC AC HL SP 
12 4 8 7 
PORT 0 PORT 1 PORT 2 PORT 3 PORT 4 PORT 5 
4 
INDEX EMULATION 
CARRY MEI FLAG REGISTER MODE 
CY ME! {OR EM 
1 1 8 4 
PROBE BREAK BREAK 
COMPARE PROBE EXTERNAL CONTROL STATUS 
REGISTER MASK PROBE REGISTER REGISTER 
R XP BC BS 
6 6 


IB 


FB 


INITIAL FINAL 


BUFFER 


BLOCK 


BUFFER 
139 x8 1398 


MEMORY 
$096 x 1 
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MAIN MEMORY OPERATIONS 


@ Code Memory 
The code memory is a RAM area of 
4096 x 8 bits, and corresponds to the 
mask ROM area of MSM6502 for 
storing the user program. 
(ROM capacity of MSM6502 is 2000 
bytes) 


@ Data Memory 
The data memory is a RAM area of 
128x4 bits and corresponds to the 
RAM read of MSM6502. 


@ Verify Memory 

The verify memory, which is a RAM 
area having the same address as the 
code memory when the user program 
is loaded in the code memory. 

By comparing this memory with the 
code memory, it is possible to know 
the part changed after the user 
program is loaded. 


@ Instruction Executed Bit Memory 
This memory is a RAM area of 4096 


x1 bits having the same address as 
the code memory. When the 
program in the code memory is 
executed, a bit corresponding to the 
particular address is set to 1. 

By checking the content of this 
memory, it is possible to determine 
the program flow. 


Breakpoint Bit Memory 

The breakpoint bit memory is a RAM 
area of 4096x1 bits with the same 
address as the code memory. When 
the bit of this memory is 1, the 
program execution is stopped 
immediately after execution of the 
data in the code memory cor- 
responding to the particular address. 


® Trace Enable Bit Memory 
This memory is a RAM area of 4096 
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x1 bits having the same address as 
the code memory. When the data in 
this memory is set to 1, the data in the 
port and register is stored in the trace 
memory when the data in the code 
memory corresponding to the 
particular address is executed. 


Sync Output Bit Memory 

This memory, which a RAM area a 
RAM area of 4096x1 bits, has the 
same address as the code memory. In 
executing the data of the code 
memory, the bit corresponding to the 
memory is checked, and if the bit is 1, 
a sync signal (active LOW) is produced 
at the probe terminal. 


Cycle Counter Enable Bit 
This memory is a RAM area of 4096 


x 1 bits with the same address as the 
code memory. When the data in the 
code memory is executed, the content 
of the bit corresponding to this 
memory is checked, and if the bit is 1, 
the cycle counter is counted up in 
accordance with the machine cycle. 


Probe Compare Register/Probe Mask 
By changing these two settings, it Is 


possible to change the conditions for 
causing a break (probe match break) 
due to the input data from the probe. 


Segment Data Memory 
The segment data memory, which is a 


RAM area of 208 x 8 bits, has a 
coordinate with 0-7 in ordinate and 
A-Z in abscissa. This memory is for 
indicating the conditions of each bit 
in the crystal display of the RAM area 
of the MSM6502 at a designate 
coordinate by a designated character. 
By indicating the condition of this 
memory, the image under crystal 
display can be grasped. 


® Initial/Final Buffer 


These two memories, which are RAM 
areas of 139x8 bits, are for initial 
setting of the evaluation chip 
MSM6502 for real-time emulation or 
storing the condition of MSM6502E 
immediately after a break. 


SSS SSS SSS SSS Se EASEGS0Z © 


® Trace Memory 


The trace memory, which is a RAM 
area of 2048 x 66 bits, is for storing 
trace information. A trace 
designation is conducted by a trace 
enable bit. 
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OKI semiconductor 
Low Power 4-bit Microcotroller: OLMS-50/60 Series 








PROGRAM DEVELOPMENT SUPPORT SYSTEM 





EASE6352/6052 EASE6351/53 
EASE5052/56 EASE6051 
EASE5054/55 


APPLICABLE MODELS 


Each of the program development support systems EASE6352/6052, EASE5052/56, 
EASE5054/55, EASE6351/53 and EASE6051 is capable of program development and 
evaluation of the Oki’s CMOS 4-bit low-power one-chip microcontroller OLMS50/60 
Series. It is a high-performance system developed exclusively for rapid and efficient 
program development for OLMS50/60 Series incorporating Oki’s own concept and 
technologies. 


System Applicable microcontroller models 
age Support System MSM6052, M5M6352 
ime Development Support System iden am eA 
neg eee Development Support System en ea shen 
pags Development Support System MOMS so Ls SMO S22 
EASE6051 


Program Development Support System MSM6051 
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SUPPLY FORM 


System Class Model Name 
EASE6352/6052 
Hardware eraciatioaicat Emulation Kit for MSM6352/6052 
Host monitor for floppy disk base MS-DOS 
pus Note 1 
Software Assembler for floppy disk base MS-DOS 
ASM-50 Note 


EASE6352/ TM-6352/6052 | EASE 6352/6052 Users’ Manual 


6052 Manual 


AM-50 ASM50 Assembler Users’ Manual 


Connection cable for user application 
TCU-6352/6052 | Circuit (Note 2 
Host computer connection cable (straight 
type 3m 
Host computer connection cable (cross 
type 3m 


TCP-2 AC cable for power supply 


TCS-38 
Accessories 
TCS-3C 


System Class Model Name 


EASE5052/56 ; 
Hardware Paulationkit Emulation Kit for MSM5052/56 
Host monitor for floppy disk base CP/M 
eas Note 1 | 
ASM-50 oe or floppy disk base CP/M 
Software 1F20 Transfer parameter change program for 
if800 Model 20 
IF30 Transfer parameter change program for 
EASE5052/ if800 Model 30 
56 TM-5052/56 =| EASE5052/56 Users’ Manual 


Manual 
AM-5052/56 |ASM50 Assembler Users’ Manual 


TCU-5052/56 Tne aia circuit connection cable 
Host CP/M computer connection cable (for 
if800 Model 20/30 


TCP-2 AC cable for power supply 


TCS-2 
Accessories 


QA-11169 TEMBP(S) board 
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System Class Model Name 
EASE5054/55 ' 
Hardware Elation Kit Emulation Kit for MSM5054/55 
EASE Host monitor for floppy disk base CP/M 
Note 1 
ASM-50 Assembler for floppy disk base CP/M (Note1) 
Software T 7 5 7 
1E20 Transfer parameter change program for 
if800 Model 20 . es 
Transfer parameter change program for 
Bone IF30 if800 Model 30 : 


TM-5054 EASE5054/55 Users’ Manual 
Manual 
AM-5054 ASM50 Assembler Users’ Manual 


User application circuit connection cable 
Note 4 

Host CP/M computer connection cable (for 
if800 model 20/30 


TCP-2 AC cable for power supply 


TCU-5054 


Accessories TCS-2 


Model Name 
EASE6351/53 


System Class 


Emulation Kit for MSM6351/53 


Emulation Kit 
Host monitor for floppy disk base MS-DOS 
EASE Note 1 


Software ASM-50 ete for floppy disk base MS-DOS 


TM-6351/53 | EASE Users’ Manual 


EASE6351/ | Manual 
53 AM-50 ASM50 Assembler Users’ Manual 
TCU-6351/53 raga circuit connection cable 
TCS-35 is Se a connection cable (Straight 
Accessories 


Hardware 


Host computer connection cable (Cross 
TCS-3C ae ee 
TCP-2 AC cable for power supply 
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EASE6051 ; 
emulation Kk Emulation Kit for MSM6051 
Host monitor for floppy disk base MS-DOS 
EASE Note 1 
software Assembler for floppy disk base MS-DOS 
ASM-50 
Note 1 
TM-6051 EASE6051 Users’ Manual 
EASE6051 Manual 
AM-50 ASM50 Assembler Users’ Manual 
TCU-6051 io circuit connection cable 
TCS-35 Host computer connection cable (Straight 
Accessories type 3m , 
Host computer connection cable (Cross 
TCS-3C ean, 


TCP-2 AC cable for power supply 

Note 1: 5-inch floppy disk for CP/M, if800 format, two-sided double-density 
8-inch floppy disk for CP/M, IB3740 soft sectored format, one-side single density 
5.25-inch index for MS/DOS, if800 Model 160 format (two-side double-density, 77 tracks, 
26 sectors/track, 1024 bytes/sector, 2HD) 
8-inch disk for MS/DOS, if800 Model 160 format (one-side single density, 77 tracks, 26 
sectors/track, 128 bytes/sector, 15) 
Softwares for PC-DOS are supplied for each systems. 

Note 2: One 40-core cable is supplied for connection of user application circuit. 

Note 3: Three 60-core and two 40-core cables are supplied for user circuit. 

Note 4: One 40-core and five 60-core cables are supplied for user application circuit. 


GENERAL DESCRIPTION OF 
CROSS ASSEMBLER 


ASM50 is a high-performance cross 
assembler of floppy disk base operated 
under CP/M, PC-DOS and MS-DOS. 


This assembler generates an object 
file (Intel HEX format) and an assemble 
list file. 


FEATURES 


@ Free style of description of a source 
program. 

@ A symbol list prepared in the 
assemble list. 


GENERAL DESCRIPTION OF 
EMULATOR 


The OLMS50/60 Emulator efficiently 
supports all debug works in the deve- 
lopment task ranging from the debug 
free of a user application circuit for the 
OLMS50/60 Series program to the 
debug on a completed system by 
connecting through a host (CP/M, MS- 
DOS and PC-DOS) computer and RS232C 
interface. 
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REAL-TIME EMULATION 


The user of an exclusive evaluation 
circuit permits real-time emulation 
without inserting a wait state. 

This emulator has two operation 
modes. EMU mode is a normal program 
emulation mode making an efficient 
command available for program debug. 


EVA mode, on the other hand, an 
evalu-ation mode for actuating a 
program in the form of EPROM and is 
used effectively for final check of a 
program almost completed. 


USER PROGRAM AREA AND 
EPROM WRITER 


The program to be debugged is 
stored in the code memory providing a 
user program area prepared in this 
emulator. The user program can be 
loaded or saved in the code memory 
from the host computer. 


Also, this emulator has an EPROM 
built therein making possible loading/ 
programming in the code memory of 
the content of the program EPROM set 
in the EPROM writer socket. 


The EPROMs usable include 2732, 
2732A, 2764 and 27128. 


EASY-TO-USE EMULATOR 
COMMAND 


The emulator command of this 
emulator (debug command) consists of 
a command mnemonic and following 
parameter (address or mnemonic). 


Construction of Command Mnemonic: 


a) First character 
Means the function performed by 
the emulator. 
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b 





wee 


[Example] 


pm otf Ld 
/| 


* 
| 
a 


Cc 


- Indication of command input 
wait from emulator 
Designation of display of the 
data of the object designated 

- Designation of data memory 
(corresponding to internal RAM 
area of OLMS50/60 Series) 

- Starting address of the data 
displayed. 

- End address of the data 
displayed. 

- Carriage return meaning the end 
of command input. 


Second and subsequent characters 
Provide the name of an object of the 
function performed by the 
emulator. It contains abbreviated 
names of the port, register and 
memory of the emulation kit. 


Input format: 
STP NUMBER OF INSTRUCTIONS, 
START ADDRESS 


By entering the above-mentioned 
command, the user program can be 
executed as many times as the 
instructions designated from a 
designated address (start address). 


Input format: 


G START ADDRESS, PARAMETER 
PARAMETER INPUT FORMAT 


1. BREAK ADDRESS .----, BREAK ADDRESS 


When this command is entered, the 
user program is executed from a 
designated address (Start address), 
and breaks upon execution of any of 
the designated break address. 


Input format: 

1. LOD FILE NAME 

2. SAV FILE NAME START ADDRESS 
END ADDRESS 

3. VER FILE NAME START ADDRESS 
END ADDRESS 

By entering the command shown in 

(1) above, the content of the 

designated file (user program) can 

be loaded on the code memory on 

the emulation kit corresponding to 

the program memory (user program 

area) area of OLMS50/60 Series. 


The command of (2), on the other 
hand, permits the content in the 
designated range of the code 
memory to be saved by a designated 
file name. 


By entering the command of (3), the 
content of a designated file can be 
compared with the data in the code 
memory. 


® OLMS-50/60 Series ¢ 


Input format: 
1. DIAG FILE NAME 


This command permits automatic 


execution of the command in the 
designated file. 


Also, if used with the PAUSE 
command, it suspends the execution 
of the command in the file. 


Input format: 


1. LIST FILE NAME 
2. NLST 


By use of these two commands, a file 


with the same content as the console 
display can be prepared. If used in 
combination with the DIAG 
command mentioned above, it 
eliminates the operator's need to 
attend the host computer. 
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EMULATOR COMMANDS FOR EASE6052 


DISK ACCESS COMMANDS 





LOO (dr : ) filename 

SAV {dr :) filename {address address) 
VER (dr :) fitename (address address) 
DIAG (dr : ) filename 

LIST (dr: ) filename 

NULST 

FOO dr :----dr: 


EPROM PROGRAMMER COMWNV 


Lond Program into Code Memory 
Save Code Memory Program 
Verify File With Code Memory 


Execute command file 

List console Output into Disk file 
End listing 

Set Oisk drive 





PPR address address (address) 
TPR address address (address) 
VPR address address {address} 
TYPE mnemonic 


Program Cade Memory into EPROM 
Transfer EPROM into Code Memory 


Verify EPROM with Code Memory 
Set EPROM type 





CODE MEMORY COMMANDS 


DCM address (address) 
OCMH address {address) 
DCML address [address) 
CCM address 

CCMH address 

CCML. address 

FCM address address data 
FCMH address address data 
FCML. address address data 


Display Code Memory High & Low 
Display Code Memory High 

Display Code Memory Low 

Change Code Memory High & Low 
Change Code Memory High 
Change Code Memory Low 

Fil Code Memory High & Low 

Fil Code Memory High 

Fil Code Memory Low 








DATA MEMORY COMMANDS 


OOM address (address) 


COM address 
FOM address data 


Display Oata Memory 
Change Data Memory 





Fil Data Memory 





REGISTER COMMANDS 


= data 


ee 





Display Accumulator 
Change Accumulator 


Display Carry Flag 
Chamge Carry Flag 


Display Greater Flag 
Change Greater Flag 





Display Zero Flag 
Change Zero Flag 


Display Bank Register 
= data Change Bank Register 


Display Page Register 

= data Change Page Register 

DAR1 Display Adderss Register 1 

CAR} data Change Adderss Register 1 

DAR2 Display Adderss Register 2 

CAR2 data Chamge Adderss Register 2 
PC OPC Display Program Counter 

CPC data Change Program Counter 


osP 
CSP data 
OL 


482 


Display Stack Pointer 
Change stack pointer 


Display Loop Counter 
Change Loop Counter 
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EMULATOR COMMANDS FOR EASE6052 


REGISTER COMMANDS Fe oat, Se ec ee 






























OPTC Display Program Timer Counter 
CPTC data Change Program timer Counter 
OPTL Display Program Timer out Latch 

PT CPTL data Change program Timer out Latch 
DIC Display interrupt Control 


CIC data Change Interrupt Control 















ODIV 
ROIV 
OTAC 
CTAC data 
eae: 
R14 OR14 Display Port R1-4 


0014 Display Port 01-4 

C014 data Change Port 01-4 
DEO14 Display Port E01-4 
CE014 Change Port E01-4 


0C14 Display Port C14 
CC14 data Change Port C1-4 
OCC Display Port C1-4 Condition 
CCC data Change Port C1-4 Condition 


Display Timer Onder 
Reset Timer Oivider 
Display Timer Active Condition 
Change Timer Active Condition 





Display Hook Switch 








£014 































00014 Display Port 101-4 
C!O14 data Change Port 101-4 
DI0C Display Port 101-4 Condition 


Cloc data Change Port 101-4 Condition 


DOTMF Display DTMF Control Regiter 
COTMF data Change OTMF Control Regigter 


Display BO Control Register 
Change BO Control Regiter 













se data 


EMULATION COMMANDS 


STP (number) (address) Start Step Execution 
G (start-address) (break -address) Go Start Real time Emulation 
HR OMM 


RES 
RESE 
SIO ForH 
PAUCE 
EXIT 
DIR (dr 





















Reset EASE6052 system 

Reset Evaluation Board 

Set Emulater to 1/0 terminal made 
Stop command file execution 

Exit to CP/M 
Display file directory 








>) 
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OKI semiconductor 
EASE80C49 


PROGRAM DEVELOPMENT SUPPORT SYSTEM 


APPLICABLE MODELS 


This system provides the capability to develop and evaluate the program of 8-bit 
single chip CMOS microcontroller, OK! OLMS48 Series; MSM80C48, MS80C49, 
MSM80C50, MSM80C35, MSM80C39 and MSM80C40. 


THE SYSTEM SUPPLIED CONTAINS 


Model Name 


EASE80C49 | Emulation kit for single chip 8 bit 
Emulation Kit | microcontrollers, OLMS48 series. 


EASE49 Floppy disk base host monitor” 
Software 
ASM49 Floppy disk base cross-assembler” 


7 wmdevelopment 
TM-80C49 res eT or program development 


EASE80C49 TCU-80C49 a cable for user application 
TCS-8 Connection cable for CP/M based host 
computer, if800 model 20/30 
; Power supply cable; +5V/3.5A, + 12V/0.2A 
Accessories TCP-8 and —12V/0.2A 
TCX-1 External probe for emulation 
TCC-8 PC board connection cable 


) CP/M non-system disk 
® 52” 2DD if800 format 
® 8” ISID IBM3740 soft sectored format 


System 


Hardware 
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OUTLINE OF CROSS-ASSEMBLER 


The ASM49 is a high performance cross-assembler that runs under either CP/M or 
MS-DOS”. It translates the source program that a user created on a disk by the use of 
an editor, generating the object file and the assemble list. 


FEATURES 


2) MS-DOS version and PC-DOS version are optional softwares. 


The source program is a free e 
description text. 


35 pseudo instructions are available 
for assembler control. 


Macro definition is available. 


Veriables in the source program can 
be defined by an input from the 
console when assembling. Linkage of 
exsisting source programs is also 
possible. (INPUT, LINK pseudo 
instructions) 


Eleven pseudo instructions for 


conditional assembling. e 
Interactive process (loop process) is 


Thirteen operators are available in 
the operand field of the source 


available in assembling. program. 
LIST OF PSEUDO INSTRUCTIONS 
eon EUR On 

ORG Origine the value of a location counter to nnn 

DS Reserve n byte area. The values of both starting and ending bytes are 
changed. When you do not want the change, use ORG $ +n. 

DW Define 16-bit data. 

DB Define 8-bit data or ASCII character strings. 

EQU Allocate an operand value to the name. 

SET The same as EQU except that it is re-assignable. 

IF Skip to the next ENDIF, END or EOF (end of file), if the expression is zero. 
Assemble the next command, if the expression is not equal to zero. 

NIF Skip to the next ENDIF, END or EOF (end of file), if the expression is not 
equal to zero. 

END Assemble end. 

MACRO Define macro. 

MACND_ | Macro definition end. 

GO TO Branch to a labeled location. 

REPT Assemble is repeated the number of times specified by the expression 
value. 

REPND Define repetition block end. | 

LIST Invalidate path option and output all the caemble list. 

NOLIST Inhibit output of the assemble list except error messages. 

TITLE Add atitle at the top of the assemble list. 


485 


e EASE80C49 e 
EASE80C49 EMULATOR 


The EASE80C49 emulator consists of a CP/M based host computer and the 
EASE80C49 emulation kit, and provides effective supports for debugging work in any 
development stages of MSM80C49 and RS/MSM80C5ORS;?) from an application 
program without user application circuit to a complete system. 


3) It is necessary to exchange evaluation chip for MSM80C40, if debug a 
MSM80C40/MSM80C5ORS application program. 


Real Time Tracing Capability That Does 
Not Affect Execution 


The EASE80C49 emulation kit has a 
real time tracing area with the capacity 
up to 1024 machine cycles. You can set 
at which address the tracing function is 
to be invoked. Each time the specified 
address is executed, status of port, 
program counter, probe data is traced. 


Measurement of Execution Time 


The execution time of the user 
program is measured by the use of the 
cycle counter of the EASE80C49 
emulation kit (up to 16777215 cycles). 
The counter can be used as a pass 
counter to know how many times a 
specific address was executed. 


4069 byte User Program Area 


A 4096 byte static RAM area is 
provided on the EASE80C49 emulation 
kit, and thus user programs of a CP/M 
based host computer can be loaded or 
saved there. In addition, with an aid of 
EPROM writer of this board, the 
contents in the user program area are 
written into EPROM or the contents of 
EPROM are read into the user program 
area. 


Various Break Functions 


Eight kinds of means to break the 
program execution are available: 


a) BB (Breakpoint Break) 
The program stops when executing 
the address specified.(Breakpoint 
can be specified in any address). 
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b) EB (External Break) 
Break occurs by external break 
signal. 


c) CO (Cycle Counter Over Flow Break) 
Break occurs after 4097 times of 
traces. 


TF (Trace Full Break) 
Break occurs after 4097 times of 
traces. 


e) PM (Probe Match Break) 
Break occurs when the probe data 
match a preset data. 


f) IF (Instruction Fetch) 
Break occurs when a machine code is 
fetched. 


MX (MOVX) 

Break occurs by MOVX command. 

ER (Error Code) 

Break occurs when a error machine 
code is fetched. 


d 


Leal 


ee 


g 


h 


en 


Various Debug Commands 


In addition to the capabilities to 
display or change the contents of each 
register, port or RAM, there are a 
variety of DEBUG commands, which 
enable you to perform an effective 
debugging work: 


a) Execute user program 


Input format: 
STP, NUMBER OF INSTRUCTION, 
START ADDRESS 


b 


al 


c) 


The specified number of commands 
are executed starting from the 
specified address. 


SDF command can be combined with 
this command to specify what to be 
displayed. 


Input format: 


G[,START ADDRESS] 


The program starts to run from the 


specified address. Without any 
specification, the program starts 
from the address that the program 
counter indicates. 


Use of floppy disk 


Input format: 
LOA, FILE NAME 


This command loads the code 


memory on the EASE80C49 emulua- 
tion kit, which is equivalent to the 
mask ROM area of MSM80C49RS/ 
MSM80C5ORS, with the contents of 
the specified file (user program.) 
With the use of LDU command, the 
same contents can be loaded on the 
utility buffer. 


Input format: 
SAV, START ADDRESS, END 
ADDRESS, FILE NAME 


This command saves a specified 


range of contents of the code 
memory with the specified file 
name. 


Instruction executed bit memory 


This emulator has an instruction 
executed bit memory indicating at 
which address the user program was 
executed. You can see the program 
flow by looking at the contents of 
the memory. 
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Mnemonic Command 


Each debug command of this emulator 
is mnemonic symbols followed by para- 
meters (address or mnemonic code.) 


Construction of Command Mnemonic: 


a) The first symbol 
Means what function to be perfor- 
med by the emulator. 


b) The second and the latter symbols 
Designates the object name of the 
function to performed by the emu- 
lator. The object is specified by 
abbreviation of register, memory or 
port name of MSM80C39 evaluation 
chip or EASE80C49 emulation kit. 


[Example] 
* DDM O 1F [gl 
LIN LV 


| 
C e f 


- Prompt for command input of 
emulator 
b - Instruct to display of the contents 
of the specified object 
c - Specify that the object is the data 
(corresponding to internal RAM 
area of MSM80C5ORS) 
- Starting address of the data 
displayed. 
- Ending address of the data 
displayed. 
- Carriage return meaning the end 
of command input. 
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MEMORY MAP OF EMULATOR 


The EASE80C49 emulator consists of a CP/M based host computer and the 
EASE80C49 emulation kit, and is designed for an effective debugging work of 
application programs of MSM80C49RS/MSM80C5ORS. The block diagram below 
illustrates each section of EASE80C49 emulator available for user. The boxed parts are 
registers and memory areas accessible from the keyboard of the host computer and the 
contents can be displayed or changed by the commands of the emulator. 
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TRACE ENABLE BIT MEMORY 


BREAKPOINT BIT MEMORY 


i By T s|c 
CM P{R O/E UB 








INSTRUCTION EXECUTED BIT MEMORY 


SYNC OUTPUT BIT MEMORY 


CYCLE COUNTER ENABLE BIT MEMORY 


UTILITY = 


TRACE MEMORY 
4096 x 8 1024 x 56 


CODE 


MEMORY BUFFER 





4096 X 8 


TRACE POINTER 


TP 10 
Se cne CYCLE COUNTER. 
(iE) MSM80C39 (8 FAB 
PROGRAM INSTRUCTION PROGRAM 
COUNTER ACCUMULATOR DATA STATUS WORE 


PROBE 
COMPARE PROBE - - BREAK CONTROL BREAK STATUS 
REGISTER MASK REGISTER REGISTER TIMER ERROR CODE 
EXTERNAL PORT 0 
INTERRUPT VDD PROBE TEST 0 TEST 1 (Bus Port) PORT 1 PORT 2 


IN VD XP TO Tl PO 
1 1 8 1 1 8 


FUNCTION OF MAJOR MEMORY 


@ Code Memory 


This memory is a 4096x8-bit RAM 
area and equivalent to he program 
memory (Mask ROM) of 
MSM80C495S/MAM80C5ORS, where 
the user program is stored. 


Data Memory 


This memory is a 128 x 8-bit RAM area 
and equivalent to the data memory 
of MSM80C49RS chip. In the case of 
MSM80C5ORS, it is a 256x8-bit 
memory size. 


Utility Buffer 

This is a 4098 x 8-bit RAM area and 
used as a temporary saving location 
by emulator when load, save or 
transfer command is inputted. 


Breakpoint Bit Memory 


This is a 4096x 1-bit RAM area with 
the same addresses as the code 
memory. When the bit is 1, the 
program stops immediately after 
executing the contents of the code 
memory corresponding to the 
address. 


Trace Enable Bit Memory 

This is a 4096 x 1-bit RAM area having 
the same address as the code 
memory. If the bit is set 1, probe data 
are stored in the trace memory when 
the content of the code memory 
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corresponding to the address is 
executed. 


Sync Output Bit Memory 

This is a 4096x 1-bit RAM area with 
the same addresses as the code 
memory. When the contents of the 
code memory are executed, each bit 
of this memory corresponding to the 
address of the code memory is 
checked; if the bit is 1, a sync signal 
(active LOW) is outputted to the 
probe terminal. 


Cycle Counter Enable Bit Memory 
This is a 4096 x 1-bit RAM area with 
the same addresses as the code 
memory. When the contents of the 
code memory are executed, each bit 
of this memory corresponding to the 
address of the code memory is 
checked; if the bit is 1, the cycle 
counter is incremented in accordance 
with the machine cycle. 


Probe Compare Register/Probe Mask 
Conditions to activate PROBE MATCH 
BREAK can be changed with settings 
of these two. 


Trace Memory 

This is a 1024 x 56-bit RAM area and 
trace information is stored here. 
Trace instruction is done by the trace 
enable bit. 
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USERABLE CHARACTER | 


AaBoCcOdEeF (GgHhliJjKkLIMmNnOoPpQgqArSsT tUuVv WwXxYyZz 1234567890. . 2+ — 
CausC Catt/P Cati/Q Catt/R Catl/S Catl/T Escape Soace 


DISPLAY COMMAND 

































1. OAC Display Accumulator 

2. O8P,000( FFF] Display Breakpomt Bit(s) Status 

3. O8S Display Break Status 

4. occ Display Cycle Counter 

5. OCE000(, FFF] Display Cycle Counter Enable Bit(s) Status 

6. OCMOOCO( FFF) Display Code Memory 

7. DOMOO(FF) Display Data Memory 

8. DIE.OOOLFFF] Display Instructon Executed Bit(s) Status 

9. DFO Display Port O(Bus port) 

10. OPI Display Port 1 

tl. OP2 Display Port 2 

12. OPC Display Program Counter 

13. OPS Display Plogram Status Word, Test 0, Test 1, Interrupt Pin 
14. ORG Display Registers RO thru R7 

18. OSK Display Stack 

16. OSO.0O0O0( FFF) Display Syne Output Bit Memory 

17. On Display Timer 

18. OTMXXXX, YYYY Move Trace Pomter (XXXX) and display Trace Memory (YYYY) 
19. OTP Display Trace Pomnter 
20. OTROOO[ FFF) Display Trace Enable Bit(s) Status 
21. OVO Display Vdd Pin 
22. OXMOO(,FF) Display External Memory 
23. OXP Display External Probe Byte, Probe Mask and Probe Compare Register 

CHANGE COMMAND 

1. CACFF Change Accumulator 

2. CCC,2Z22ZZ7Z Change Cycle Counter (ZZZZZZZZ is a positive of negatwe decal number) 
3. CCMFFF FF Change Code Memory 

4. COM7F, FF Change Data Memory 

5. CPO,FF Change Port 0 (Bus Port) 

6. CPI,FF Change Port 1 

7, CP2FF Change Port 2 

8. CPC,FFF Change Program Counter 

9. CPM, 8888s8sss Change Probe Mask (BE888SB6 is a binary number) 

10. CPR, 888888E8 Change Probe Compare Register (BBBBBBSBis a binary number) 
tt. CPS.FF Change Program Status Word 

12. CTILFF ‘Change Timer 

13. CXM FF FF Change External Memory 





AND 


FCM,000,F FF FF Fa Code Memory 
FOM.OO,FF.FF Ful Date Memory 
FXM,00,FF FF Fal External Memory 















EBP, OO0O(. FFF) Enable Breakpomt Bit(s) 










i 

2. ECE.OOO(.FFF] Enable Cycle Counter Bit(s) 
3. ESO,0OO[, FFF] Enable Sync Output Bit(s) 
4. ETR,OOO( FFF] Enable Trace Br(s) 
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| OMMAND 








1. RBP,OOO(.FFF) Reset Sreakpont Bit(s) 

2. RCE.OOO(.FFF} Reset CyCle Counter Enable Bit(s) 

3. RIEOOOl.FFF) Reset Instrucvon Executed Bit(s) 

4. RSO,000(.FFF] Reset Sync Output Bit(s) 

5. RATROOOLFFF] Reset Trace Enable Bit(s) 

6. RES Reinitiakze MPS800 System 
UTILITY/DISK INPUT/OUTPUT COMMAND | 

|. CUS.FFF FF Change Uuthty Buffer 

2. O0U8,000(.FFF] Display Unity Buffer 

3. FUB.000,FFF.FF Fil Unity Buffer 

4. TCM.000,FFF Transfer Code Memory into Uvlty Buffer 

§. TUB.O0O0. FFF Transfer Unity Guffer into Code Memory 

6. TST Test : 

7. LOA filename Load Program nto Code Memory 

8. - LOU. filename Load Program mto Uthty Buffer 

9. SAV.OOO0.F FF, filename Save Code Memory Program 

10. SVU,000, FFF filename Save Uuaty Buffer Program 
EPROM WRITER COMMAND 

t. PPR,OOO.FFF.FFF Program Code Memory onto EPROM 

2. VPR.OOO,FFF,FFF Verify EPROM with Code Memory 

3. TPR,OOO,FFF Transfer EPROM into Code Memory 
EMULATION COMMAND 

1. G{.HHH) Beg real tme emulaton, HHH is the start address (hex) 

2. STP(,EEEE) (.HHH] Step emulation, where EEEE is the decal number of instruction to execute, 

and HHH 1s the start address (hex). 

3. SBC.mnemonic[, mnemonic) Set/Reset Break Control Bit 

4. SOF.mnemonic(,mnemonic] Set Reset Dump Format 
EDIT OF CO AND LINE AND KEY BOARD OPERATION 


Rubout Delete the last character entered 
Catt/C Return to CP/M 
Cati/P Copy all subsequent console output to the currently assigned ist dewce. 
Output is sent to both the list device until the next Cati/P is typed. 


Catl/Q Continue normal display 
Catt/A Echoe current input line 
Cau/S Stop display 

Escape Abort any command inprogress 
@ Repeat last command 
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OKI semiconductor 
EASE80C51mkII 


PROGRAM DEVELOPMENT SUPPORT SYSTEM 
APPLICABLE MODELS 








This system has been designed with OKI's original concept and technology for time- 
saving and effective program development and evaluation of 8-bit single chip CMOS 
microcontrollers, OKI80C51 series: MSM80C51/C31, MSM80C 154, and MSM83C154. 


SUPPLY FORMATS 


System Class Model 


EASE80C51imk Il 
Emulation Kit 


Name 





Emulation kit for MSM80C154/MSM80C51 


Host monitor, floppy disk* 
Software 
ASM51 Cross-assembler, floppy disk* 


Users manual for EASE80C51mk Il 
EASE TM-80C5 Imk II program development system 
80C51 mkII AM-80C51mkII | User's manual for ASM51 cross-assembler 
TCU-80C51 een cable for user application 
ps2 Connection cable for CP/M or PC-DOS or 
TCS-2 IBM PC based host computer, if800 model 
pseecelice 20-30 or IBMPC 
TCP-2 AC power supply cable (100V/220V) 
TCX-2 External probe for emulation 





* CP/M file 54-inch double-side double-density, 8-inch single-side single-density 
® MS-DOS file (Optional software) 


® PC-DOS 54-inch double-side double-density 






(UU NUUA TITHE UAT 
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OUTLINE OF CROSS-ASSEMBLER 


The ASM51 is a higher performance cross-assembler that runs on either CP/M or MS- 
DOS. It translates the source program that a user created on a disk by the use of a 
commercial available editor, generating the object file (in INTEL HEX format), the 
assembly list file, the cross reference list file and the symbol list file on a specified 
device. 


OUTPUT FILE 
@ Object file (in an INTEL HEX format) ® Cross-reference list file 
@ Assembly list file @ Symbol list file 


PART OF PSEUDO COMMANDS 


cen Pune wn 

EQU Allocate an operand value to the name 

SET The same as EQUexcept that it is re-assignable. 

ORG Origin the starting addresses of a program. 

END Assemble end. 

JMP Check the destination and automatically convert to relative, 2K-page 
range or full page jump command. 

CALL Check the destination and automatically convert to relative, 2K-page 
range or full page jump command. 

DB Define 8-bit data or ASCII characters 

DW Define 16-bit data 

DS Reserve memory area specified in byte 


PART OF ASSEMBLER CONTROL STATEMENTS 


inciucion nonction 
DATE Add a date in the title portion of the assembly listing 
EJECT Eject page 
TITLE Add a title to the assembly listing 
LIST 


NOLIST Inhibit assembly list output 
DEBUG Give debug symbol information to the object file 
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FEATURES 


® The source program is a free 
description text. 


@ Thirteen kinds of operators are 
available for each operand field of 
the source program. 


@ The character number per line and 
the line number per page of the 
assembly listing can be specified. 
Twenty-two pseudo commands and 
six assemble control statements are 
available. 


LIST and NOLIST commands are 
capable of controlling output of the 
assembly list file. 


@ With the use of DEBUG control 
statements, the object file can obtain 
debugging information necessary for 
symbolic debugging. 


@ Output file and device can be 

specified when invoking assembler. 
OUTLINE VIEW OF ASM51 
ASSEMBLER 


SOURCE FILE 


ASSEMBLY 
LIST FILE 


SYMBOL LIST 
FILE 


CROSS 
REFERENCE 
LIST FILE 
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OUTLINE OF EMULATOR 


The EMSE80C51mkII emulator is 
connected to a CP/M based host 
computer through a RS-232C interface, 
provides support for effective debug- 
ging work of application programs with 
MSS8051 series in any development 
stage; from an application program 
without user application circuit to a 
complete system. 


REAL TIME EMULATION 


Emulation is performed without 
having to insert a wait state because of 
the use of an exclusive evaluation chip 
of MSM85C154E. 


MEASUREMENT OF EXECUTION 
TIME 


The execution time of the user 
program is measured by the use of the 
cycle counter of this emulation kit. (Up 
to 16777215 cycles). Starting and 
ending addresses of the cycle counter 
are set by command. 


WIDE USER PROGRAM AREA 


A 64K byte RAM area (code memory) 
is implemented on this emulator, and 
thus all the user programs of the CP/M 
based host computer can be loaded into 
the RAM area (See note 1.) Mapping 
command is capable of assigning the 
program area in the RAM area on the 
emulation kit or in the ROM on a user 
application circuit in a 4K byte unit. 
EMROM writer is implemented on the 
emulator so you can write the contents 
of the user program area in EPROM and 
read the contents of EPROM. 


(Note 1: Available for i2732, 2732A, 
2764, 27128) 


VARIOUS BREAK FUNCTIONS 


Various kinds of means to interrupt 
or break the program execution are 
available. Each can be set or removed. 


a) BreakPoint Break 
The breakpoint can be set at any 
addresses. The program stops when 
executing the program whose 
address is the same as where the 
breakpoint is specified. 


Address Break 

The program stops when executing 
the program at the address specified 
by the emulation command. You 
can also set a break so the program 
may stop after executing a specified 
address n times. 


b 


= 


c) Power Down Break 
The program stops when power- 
down status occurs. 


d 


we 


Externally Forced Break 

You can stop the program by 
sending a low level of signal through 
the attached probe cable. 


Break Occurs When the Trace 
Memory Is Full with Information. 


f) Break Occurs When the Cycle 
Memory Overflows. 


bal 


e 


g) Break Depending on the Contents of 
an Internal RAM/SFR Area. 
When the program at a specified 
address is run, the contents of the 
specified internal RAM/SFR area of 
MSM85C154E are checked; if the 
contents match the specified 
number of times, break occurs. 


COMPLETE READ TIME TRACING 
FUNCTION 


This emulator has to types of memo- 
ries to realize the real time tracing 
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capability which do not affect execution 
time: 


® Trace Memory 
Status information of port, carry flag 
and accumulator of MSM85C154E 
when instructions are executed is 
stored in this memory for tracing up 
to 3048 machine cycles. Three diffe- 
rent tracing functions are available: 


a) Tracking is performed each time a 
specified address is executed. 


b) Tracing is performed when a special 
command such as ACALL, AJMP, 
LCALL, LIMP, RET, RETI, PUSH, POP, 
are executed. 


c) Tracing is controlled by a start/stop 
bit. 

@ Flash Trace Memory 
This memory is used to trace the 
status of the internal RAM or a full 
SFR area of SM85C154E when the 
instruction at the address specified by 
emulation command (debug com- 
mand) is executed. 
The contents of the internal RAM or 
SFR area can be stored up to 16 times 
of execution. 


(Note 1) Standard memory: 
64K byte code memory, 16K 
byte external data memory 


MNEMONIC EMULATOR 
COMMAND 


Each emulator command (debug 
command) of this emulator is mne- 
monic symbols followed by parameters 
(address or mnemonic code.) 


a) The First Symbol 
Means what function to be 
performed. 
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b) 
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The Second and the Latter Symbols 
Designates the object of the 
function to be performed by the 
emulator. The object is specified by 
an abbreviation of the name of 
register, memory or port of the 
MSM80C51mk/II emulation kit. 


[Example] 

* DDM F [4] 
| V/ 
a 


| 
C e f 


Prompt for command input of 
emulator 
Instruct to display of the contents 
of the specified object 
Designation of data memory 
(corresponding to internal RAM 
area of MSM80C5ORS) 
Starting address of the data 
displayed. 
Ending address of the data 
displayed. 

- Carriage return meaning the end. 
of command input. 





In addition to the capability of 
displaying or changing the contents 
of each register, port, etc. of the 


exclusive evaluation chip 
MSM85C154E, this emulator 
provides various emulation 


commands to achieve an effective 
debugging work. 


Input format: 
STP NUMBER START ADDRESS 


The user program is executed by the 


specified number of commands 
Starting from the specified address 
(starting address.) 


SSF command can be combined with 
this command to specify what to be 
displayed. 





Input format: 
G START ADDRESS, PARAMETER 


PARAMETER INPUT FORMAT 


1. BREAK ADDRESS.----, BREAK ADDRESS 

2. BREAK ADDRESS (n) 

3. BREAK ADDRESS RAM ram ADDRESS 
(byte-n) 

4. BREAK ADDRESS SFR MNEMONIC 
(byte-n) 

(1) The user program starts from the 

specified address and stops after 

executing one of specified 

addresses. 


(2) The user program starts from the 
specified address and stops after 
executing the specified address n 
times. 


(3) The program starts to run from 
the specified address. Without any 
specification, the program starts at 
the address that the program 
counter indicates. 


(4) The user program starts from the 
specified starting address. When the 
user program at the break address is 
executed, the content of the 
specified address on internal RAM of 
MSM85C154E is checked and 
compared with the specified content 
(byte); if coincides happens the 
number of times (n) specified, break 
occurs. 


Input format: 


1. LOD FILE NAME 

2. SAV FILE NAME START ADDRESS 
END ADDRESS 

3. VER FILE NAME START ADDRESS 


END ADDRESS 


(1) Commands in the file specified 


are automatically executed. PAUSE 
command can pause the execution 
of commands in the file. 


(2) Execute a series of commands 
defined by MAC command. 


(3) Execute a front command. 


Input format: 

1. DIAG FILE NAME 
2. M 

3. @ 


(1) Commands in the file specified 


are automatically executed. PAUSE 
command can pause the execution 
of commands in the file. 


(2) Execute a series of commands 
defined by MAC command. 


(3) Execute a front command. 


Format: 
1. LIST file name 
2. NLST 


e EASE80C51mkIlI © 


With the use of these two com- 
mands, a file with the same contents 
as in the console display can be 
generated. Combination with DIAG 
command can eliminate the nece- 
ssity of an operator sitting at the 
CP/M based host computer. 


Format: 
Stm mnemonic data number of 
times 


Enables to search data of the 
specified trace information (tm 
mnemonic) in the trace memory. 
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DISK ACCE OMMAND 


Cal 


. loo (dr-} filename Load Program into Code Memory 
SAV (dr:) filename(address address) Save Code Memory Program 
VER (dr:) filename(address address) Verify File with Code Memory 
DIAG (dr-) filename Execute command file 


PWN 


LIST (dr:) filename List console Output into Disk file 
NUST End listing 

HELP Display HELP File 

. FOO dr: dr: Set Disk Orive 


EPROM WRITER COMMAND 


1. PPR address address (address) Program Code Memory into EPROM 
2. TPR address address (address) Transfer EPROM into Code Memory 
3. VPR address. address({ address) Verify EPROM with Code Memory 
4. TYPE mnemonic Set EPROM type 


ON De 








ASSEMBLE COMMAND 


ASM address Assembie to Code Memory 


DASM address Disassemble to Console 
OBLK address(address) Display Block Memory 
SPB address(address) Set Program Block 
SOB address(address) Set Data Block 


TRACE COMMAND 


1. OTM-number number Display Trace Memory 

OF TM number number Display Flash Trace Memory 
OTG Display Trigger Mode 

OFA Display Flash Trace address 

S mnemonic data number Search Trace Memory date 
SFF mnemonic Set Flash Trace Display format 










STG mnemonic Set Trigger Mode 

SFA address(... address) Set Flash Trace address 

RFA address(... address) Reset Flash Trace address 
. RTG Reset Trigger Mode 


~OMNOGPLYON 


Oo 


EMULATION COMMAND 


1 STP number(number]) 
G(st-address) (.break-parameter) 
If the optional st-address is given, emulator will begin emulation from st-address. 
And if optional break-parameter is given, 
emulation will break on the first break-parameter to be satisfied. 


break-parameter = break-address, —. break-address (max. 10) 
break-address (pass count) 
break-address RAM ram-address (byte-pass count) 
break-address sfr-mnemonic (byte-pass count) 


3. SSF (+/-—) mnemonic(... (+/—)mnemonic) 


Set STP Command Display Format 





DISPLAY COMMAND 


1. 62D Display Register. Flag. Port 
2. Osfr-mnemonic Display sfr-mnemonic data 
3. DSFR mnemonic (... mnemonic) Display mnemonic data 

4. OPC Display Program Counter 
5. OREG Display all Register Bank 
6. OS®8UF Display receiver data 
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CHANGE COMMAND 


1. 


le 


Csfr-mnemonic data 

CSFR (mnemonic... mnmonic} 
CPC data 

CREG data 

CS8UF data 
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Change sfr-mnemonic 
Change SFR 

Change Program Counter 
Change Register bank 
Change Transmitter data 


CODE MEMORY & DATA MEMORY COMMAND | 


3. 


4 
5 
6. 
7 
8. 


9. 

10. 
VW. 
12 
13. 
14. 


DCM address(abbress) 
DOM address(address) 
DXOM address(address) 
CCM address 

COM address 

CXOM address 

FCM address address byte 
FDM address address byte 
FXOM address address byte 


OBP address (address) 
OTR address (address) 
DSO address (address) 
DIE adresss (address) 
EBP address .. address 
ETR address .. address 
ESO address .. address 
FBP address address byte 
FTR adresss address byte 
FSO address address byte 
RBP address .. address 
RTR address ~. address 
RSO address .. address 
RIE 


Display Code Memory 

Display Oata Memory 

Display External Data Memory 
Change Code Memory 

Change Data Memory 

Change External Data Memory 

Fill Code Memory with byte 

Fil Oata Memory with byte 

Fill External Data Memory with byte 


Display Break Point Bit Memory 

Display Trace Enable Bit Memory 
Display Sync Output Enable Bit Memory 
Display Instructon Executed Bit Memory 
Enable Break Point Bit 

Enable Trace Enable Bit 

Enable Sync Output Enable Bit 

Fil Break Pot Bit Memory with byte 
Fit Trace Enable Bit Memory with byte 
Fil Sync Output Enable Bit Memory with byte 
Reset Break Point Bit 

Reset Trace Enable Bit 

Reset Sync Output Enable Bit 

Reset Instruction Executed Bit Memory 


BUFFER MEMORY COMMAND 


1, 
2 
3. 


OCC. 
CCC data 
TIME data 


Display Buffer Memory 
Transfer Data Memory & SFR Data into Buffer Memory 
Load Buffer Memory into Data Memory & SFR 


Display Cycle Counter 
Change Cycle Counter 
Set 1 cycle time 


BREAK CONDITION & STATUS COMMAND 


1. 
2. 


3. SBC (+/—)mnemonic.. (+/—) mnemonic 


08C 
O8S 


OTHER COMMAND 


1. 


OMONOAWAWLN 


—- 
NN = 
. . 


RES 

RES E 

SIO ‘F or H 
PAUSE 
EXIT 

DIR (dr) 
MAP (address) 
MAC 

M 

@ 

M80C51 
M83C 154 





Display Break Condition 
Display Break Status 
Set Break 


EASE80C51 System initialization 
MSM80C51E eva-chip reset 

Set Emulator to 1/0 terminal mode 
Stop command file execution and wait key-n 
Return Host Computer’s OS 
Display file directory 

Mapping 

Define command execution 

Execute Defined command 

Repeat front command 

Set emulation mode to MSM80C51 
Set emulation mode to MSM83C 154 
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MAC51 support SOFTWARE PACKAGE for the 
MSM80C51 CMOS 8-BIT MICROCONTROLLER 


MAC51 SUPPORT SOFTWARE PACKAGE 
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The following MAC51 programs are available to develop user programs. 


MP51 Pre-Processor 

MP51 is used to expand macro calls, 
conditional assembly statements, and 
INCLUDE statements included in user 
generated source programs, thereby 
generating expanded source 
programs. 


MAC51 Assembler 

MAC51 converts source programs into 
relocatable codes to form relocatable 
object files (OBJ files). Print, symbol, 
cross reference, and error files are 
generated as assembly information. 


LIB51 Librarian 

The LIB51 program manages OB) files 
for each module. Files consisting of a 
number of relocatable object modules 
(OBJ modules) generated by LIB51 are 
called the object library. LIB51 
handles object library generation, and 
OBJ module addition, deletion, and 
upgrading. 


RL51 Linker 

RL51 links and relocates one or more 
OBJ modules to generate one absolute 
object module. RL51 also generates a 
list file consisting of symbol table and 
link map as link information. OBJ 
modules which serve as the RL51 input 
can be OBJ files generated by MAC51, 
and OBJ modules located within the 
object library generated by LIB51. 


@e SID51 Symbolic Debugger 


S$ID51 is used when a symbol using 
debugger is selected. Absolute 
object files are converted to Intellec 
HEX format files. 


OBJHEX Converter 
OBJHEX converts Object file into 
Intellect HEX file. 


OUTLINE OF PROGRAM DEVELOPMENT 


The procedures involved in the 


processing from source program gene- 
ration through ROM loading are de- 
scribed below in the sequence indicated 
in Figure 1-1. 


ie 


2. 


Generation of MAC51 assembly lan- 
guage source program by the editor. 
Source programs can contain basic 
and pseudo instructions, and assemb- 
ler control, macro call, conditional 
assembly, and INCLUDE statements. 


When macros are used, macro 
definitions are generated in macro 
library files (with MAC extension) by 
the editor. Macro call statements are 
described within source programs. 


Where macro call, conditional assem- 
bly statement, and INCLUDE state- 
ment descriptions are included in a 
source program, there are expanded 
by MP51 to form an expanded source 
program. 


4. Source programs or expanded source 


programs are assembled by MAC51 
to form relocatable object files. 


. Agroup of relocatable object files 
can be managed by LIB51 together in 
a relocatable object library files (LIB 
extension). When required, object 
modules can be called from this 
object library by RL51. 


6. Relocatable object files are converted 
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to absolute object files by RL51. At 
this stage, one or more relocatable 
object files can be linked to 
relocatable object modules in the 
library file. 


. ABS modules are converted by SID51 


or OBJHEX to Intellec HEX format 
files. With EASE80C51mkII, HEX file 
contents can be written into EPROM 
devices. 
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Macro 
library 
MAC 


Source 
program 
ASM 





Expanded 
source 
program 
.EXT 






Object 
library 
.LIB 


“=, EASE80C5 1 mk II 


Fig. 1-1 Program Development Flow 
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OKI semiconductor 
EASE62780 


PROGRAM DEVELOPMENT SYSTEM 


APPLICABLE MODELS 


This system has been designed with OKI's original concept and technology for time- 
saving and effective program development and evaluation of 8-bit single CMOS micro 
controllers, OK] MSM62780 and MSM62720. 


OUTLINE OF CROSS-ASSEMBLER 
AS62780 is a higher performance floppy disk assembler that runs on MS-DOS. 


It translates the source program that a user created on a disk by the use of a 
commercially available editor, generating the object file (in INTEL HEX format) and the 
assembly list file. 


OUTPUT FILE 
@ Object File (in INTEL HEX format) 
@ Assembly List File 


LIST OF PSEUDO INSTRUCTIONS 


nbiruction pune os 
EQU Allocate an operand value to the name 
SET The same as EQU except that it is re-assignable. 
ORG Origin start address of program 
END Assemble end 
DB Define 8-bit data or ASCII characters 
DW Define 16-bit data 
DS Reserve memory area specified in byte 
TITLE Give a title to the assembly listing 
DATE Add a date in the title portion of the assembly listing 
PAGE Specify the number of column of the assembly listing and eject page 
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OPERATOR 


The table below shows the precedence numbers of the operators. One (1) is the 
highest precedence number and six (6) is the lowest precedence number. Operations 
with the same precedence number are performed sequentially from left to right. 


° Parenthesis eed wihiaaea tangent Gear fete wake eels 
e Bitaddress operator cer 
° Multiplication/Division/Modulo 
© Addition/Subtraction 
o Left shift/Right shift ith cheiiaeeabg heal 
° Bit AND Fpakcitwaled souynas cai edge begaegnane beaks 
BID PEO R” sta teaeteiet ead 


° BitOR 


FEATURES 


@ Eleven (11) kinds of operations can 
be described in the operand field of 
a source program. 


@ The character number per line and 
the line number per page of the 
assembly list can be specified. 


@ Sixteen (16) pseudo instructions are 
available. 


AS62780 ASSEMBLER 
FUNCTIONAL OUTLINE 


SOURCE FILE 


AS62780 


ASSEMBLY 
LIST FILE 
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Precedence 


NIC Operator 
1 (  ) 

y) ° 

3 maf CY 

4 to 

5 << >> 

6 & 

7 /\ 

8 | 


@ The allocation map of the internal 
data RAM is outputted. 


@ The output file and device can be 
specified when activating assembler. 


OUTLINE OF EMULATOR 


The EASE62780 emulator is 
connected to a host computer through 
a RS-232C interface, and provides sup- 
port for effective debugging work of 
application programs with MSM62780 
and MSM62720 in any development 
Stage; from an application program 
without user application circuit to a 
complete system. 


REAL TIME EMULATION 


Emulation is performed without 
having to insert a wait state because of 
the use of an exclusive evaluation chip 
of MSM62E780. 


MEASUREMENT OF EXECUTION 
TIME 


The execution time of the user 
program is measured by the use of the 
cycle counter of this emulation kit. (Up 
to 65536 cycles). Starting and ending 
addresses of the cycle counter are set by 
command. 


USER PROGRAM AREA 


A 8K byte RAM area (code memory) 
is provided on this emulator, and thus 
all the user programs of the host 
computer can be loaded into the RAM 
area. Furthermore, EPROM writer ts 
implemented on the emulator so you 
can write the contents of the user 
program area in EPROM and read the 
contents of EPROM. (Available for 
12732, 2732A, 2764, 27128). 


VARIOUS BREAK FUNCTIONS 


Various kinds of means to interrupt 
or break the program execution are 
available. Each can be either set or 
removed. 


a) Breakpoint Break 
The breakpoint can be set at any 
addresses. The program stops when 
executing the program whose 
address is the same as where 
breakpoint is set. 


b) Address Break 
The program stops when executing 
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the program at the address specified 
by the emulation command. You 
can also set a break so the program 
may stop after executing the 
specified address n times. 


c) Break Occurs when the Trace 
Memory is Full with Information. 


d 


ew 


Break Occurs when the Cycle 
Memory Overflows. 


ew 


Break Depending on the Contents of 
an Internal RAM/SFR Area 

When the program at a specified 
address is executed, the specified 
contents of the internal RAM/ 
register of MSM62E780 are checked; 
if the contents match the specified 
number of times, break occurs. 


e 


f) Break Depending on the Contents of 
a Serial Data. 


COMPLETE REAL TIME TRACING 
FUNCTION 


This emulator has two types of 
memories to realize real time tracing 
capability which do not affect execution 
time: 


@ Trace Memory 

Status information of each register, 
carry flag and accumulator of 
MSM62E780 when instructions in the 
code memory are executed is stored 
in this memory for tracing up to 2048 
machine cycles. Two different tracing 
functions are available: 


a) Tracing is performed each time a 
specified address is executed. 


b) Tracing is controlled by a start/stop 
bit. 


@ Serial 1/O Trace Memory 
Input data to Serial I/O port in the 
range of the trace starting address to 
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the ending address are changed to 
8-bit data and then the 8-bit data 
are stored in this memory up to 2048 
data. 


MNEMONIC EMULATOR 
COMMAND 


Each emulator command (debug 
command) of this emulator is mne- 
monic symbols followed by parameters 
(address or mnemonic code.) 


Construction of Command Mnemonic: 


a) First Symbol 
Means what function to be 
performed. 


b 


Lal 


Second and the Latter Symbols 
Designates the object of the 
function to be performed by the 
emulator. The object is specified by 
an abbreviation of register, memory 
or port name of the EASE62780 
emulation kit. 


[Example] 
DM F [4] 
LV 


| 
C e f 


- Prompt for command input of 
emulator 

- Instruct to display the contents of 
the specified object 
Specify that the object is the data 
memory (corresponding to internal 
RAM area of MSM80C5ORS) 

- Starting address of the data 
displayed. 

- Ending address of the data 
displayed. 
Carriage return meaning the end 
of command input. 
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In addition to the capability of 
displaying or changing the contents 
of each register, port, etc. of the 
exclusive evaluation chip 
MSM62E780, this emulator provides 
various emulation commands to 
achieve an effective debugging 
work. 


Input format: 
STP NUMBER START ADDRESS 


The user program is executed by the 


specified number of commands 
starting from the specified address. 


Input format: 

G START ADDRESS, PARAMETER 
PARAMETER INPUT FORMAT 
1. BREAK ADDRESS.----, BREAK ADDRESS 
2. BREAK ADDRESS (n) 
3. BREAK ADDRESS RAMram ADDRESS 

(byte-n) 

4. BREAK ADDRESS REGISTER (byte-n) 
5. SIO (byte) 
(1) The user program starts from the 
specified address and stops after 
executing one of specified 
addresses. 


(2) The user program starts from the 
specified address and stops after 
executing the specified address n 
times. 


(3) The user program starts from the 
specified starting address. When the 
user program at the break address is 
executed, the content of the 
specified address on internal RAM of 
MSM62E780 is checked and 
compared with the specified content 
(byte); if coincidence happens the 
number of times (n) specified, break 
occurs. 


(4) The user program starts from the 
specified starting address. When the 
user program at the break address is 
executed, the specified content of 
register of MSM62E780 is checked; if 
the content coincides with the 
specified value (byte) the number of 
times (n) specified, break occurs. 


(5) Input and output data of serial 
I/O are converted to 8 bit data, and if 
the data match a specified value 
(byte), break occurs. 


Input format: 

1. LOD FILE NAME 

2. SAV FILE NAME START ADDRESS 
END ADDRESS 

3. VER FILE NAME START ADDRESS 
END ADDRESS 


(1) The contents of the file specified 


are loaded into the code memory on 
the EASE62780 emulation kit, which 
is equivalent to the program 
memory (user program area) of 
MSM62780. 


(2) The contents within the range 
specified of the code memory are 
saved with the file name specified. 
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(3) Compare the contents of the file 
specified with the code memory 
content. 


Input format: 
1. DIAG FILENAME 
Zz. 


(1) Commands in the file specified 


are automatically executed. 
(2) Execute a front command. 
Input format: 


1. LIST FILENAME 
2. NLST 


With the use of these two com- 


mands, a file with the same contents 
as in the console display can be 
generated. Combination with DIAG 
command can eliminate the neces- 
sity of an operator sitting at the host 
computer. 


Input format: 
Stm MNEMONIC DATA NUMBER 
OF TIMES 
Enables to search data of the 
specified trace information (tm 
mnemonic) in the trace memory. 
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DISK ACCESS COMMANDS | 


EPROM PROGRAMMER COMMANDS 


1. PPR = address address [address] 
2. TPR = address address [address] 
3. VPR_= address address [address] 
4. TYPE mnemonic 


ASSEMBLE COMMANDS 


1. ASM address 
2. DASM [address] [address] 


1. LOD {dr:] filename 

2. SAV [dr:] filename [address address] 
3. VER [dr:] filename [address address] 
4. DIAG [dr:] filename 

5. LIST [dr:] filename 

6. NLIST 

7. HELP 

8. FDODdr:... dr: 


Load Program into Code Memory 
Save Code Memory Program 
Verify File with Code Memory 
Execute command file 

List console Output into Disk file 
End listing 

Display HELP File 

Set Disk Drive 


Program Code Memory into EPROM 
Transfer EPROM into Code Memory 
Verify EPROM with Code Memory 
Set EPROM type 


Assemble to Code Memory 
Disassemble to Console 


TRACE COMMANDS 












1. DTM-number number Display Trace Memory 

2. DSM number number Display Serial Trace Memory 
3. DTG mnemonic | Display Trigger Mode 

4. Smnemonic data number Search Trace Memory data 
5. SST Set Serial 1/O Trace 

6. RST Reset Serial 1/O Trace 

7. STG mnemonic Set T rigger Mode 

8. RTG mnemonic Reset Trigger Mode 






EMULATION COMMANDS 


1. STP number [st-address] 

2. G _ [st-address] [break-parameter] 
if the optional st-address is given, emulator will begin emulation from st-address. 
And if optional break-parameter is given. 
emulation will break on first break-parameter to be satisfied. 


break-parameter = break-address ..... break-address (max. 10) 
break-address-pass count 
[break-addredd] mnemonic (byte) 
mnemonic = AR, BR, DR, MD 
[break-address] RAM ram-address (byte) 
break-address EM address (byte[bit]) 
SIO (byte) 
SIO. bit (0 or 1) 


EVA CHIP COMMAND 


1. D Display Register, Flag 

2. PC DPC Display Program Counter 
CPC data Change Program Counter 

3. AC DAR Display Accumulator 
CAR data Change Accumulator 

4. BR DBR Display B Register 
CBR data Change B Register 

5. DR DDR Display D Register 
CDR data Change D Register 

6. SP DSP Display Stack Pointer 
CSP data Change Stack Pointer 

7. FLAG ODF Display Flag 
CF data Change Flag 

8. REG DRG Display Register 0 - 7 
CRG Change Register O - 7 
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CODE MEMORY & DATA MEMORY COMMANDS 









1. DCMaddress [address] Display Code Memory 

2. DDM address [address] Display Data Memory 

3. DEMaddress [address] Display EEPROM data 

4. CCM address Change Code Memory 

5. CDM address Change Data Memory 

6. CEM address Change EEPROM data 

7. FCM address address byte Fill Code Memory with byte 

8. FDM address address byte Fill Data Memory with byte 

9. CLEM Clear EEPROM 
ATTRUBUTE MEMORY COMMANDS 











1. DBP address [address] Display Break Point Bit Memory 
DTR address [address] Display Trace Enable Bit Memory 
3. DIE address [address] Display Instruction Executed Bit Memory 
4 EBP address .. address Enable Break Point Bit 
5. ETR address .. address Enable Trace Enable Bit 
6. FBP address address byte Fill Break Point Bit Memory with byte 
7 FTR address address byte Fill Trace Enable Bit Memory with byte 
8 RBP address .. address Reset Break Point Bit 
9 RTR address .. address Reset Trace Enable Bit 






RIE Reset Instruction Executed Bit Memory 





1. DCC Display Cycle Counter 
2. CCC data Change Cycle Counter 
TIME data Set 1 cycle time 
DBC Display Break Condition 
DBS Display Break Status 
. SBC (+/-) mnemonic .. (+/-) mnemonic Set Break Condition 
OTHER COMMANDS —_—____" 
1. RES EASE62780 System initialization 
2. RESE MSM62E780 eva-chip reset. 
3. SIMForH Set Emulator to !/O terminal mode 
4. DEV CH2 Device Configuration 
5. EXIT Reture hcst Computer’s OS 
6. DIR [dr:] Display fill directory 
7. M780 Set CPU type to MSM62780 
8. M720 Set CPU type to MSM62720 
9 «=6©@ Repeat front command 


509 


OKI semiconductor 
EASE66301 


PROGRAM DEVELOPMENT SYSTEM 


APPLICABLE MODELS 


This is a high performance system dedicated for OKI’s 8/16-bit single chip CMOS 
microcontroller and has been designed with OKI's concept and technology for time- 
saving and effective program development and evaluation work with MSM66301. 


THE SYSTEM SUPPLIED CONTEAINES 


System Class Model Name 


EASE66301 
Emulation Kit Emulation kit for MSM66301 


EASE66 Host monitor, floppy disk* 


Hardware 


Software 
ASM-66301 | Assembler, floppy disk* 


TM-66301 User’s manual for EASE66301 
EASE66301 Manual 
AM-66301 User’s manual for ASM66301 assembler 


TCU-66301 onnection cabie tor user application 


system 
TCS-35 Connection cable for host computer 
straight through connection 
Accassories TCS-3C Connection cable for host computer 


cross-wired connection 
TCP-2 AC power supply cable 


TCX-2 External probe for emulation 


* 5.25" floppy disk for MS-DOS, if800 model 160 format 
(77 track, 8 sector/track, 1024 byte/sector, 2HD) 
8" floppy disk for MS-DOS, if800 model 160 format 
(77 track, 26 sector/track, 128 byte/sector, 1S) 
5.25" floppy disk for PC-DOS, IBM JX format 
(40 tracks for each side, 8 sectors per track, 512 bytes per sector) 
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OUTLINE OF PROGRAM DEVELOPMENT SOFTWARE 


1. ASM66301 


The ASM66301 generates an INTEL 
HEX format file from an absolute source 
file written for the ASM66301 single 
chip micro computer. In the case of 
relatively small scale of program 
development, it offers an easy-to- 
understand advantage because abso- 
lute addressing is available for all the 
locations. 


Furthermore, the ASM66301 
provides the capability of generating a 
HEX file ata time. 


SOURCE FILE 
ASM66301 


HEX FILE 
SID66K 


EASE66301 





2. MAC66K Software Package 


The use of the MAC66K software 
package enables you to handle re- 
locatable object modules. It means that 
you can re-use the modules, each of 
them has an independent function, as 
precious resources. 


The following shows the develop- 
ment flow by the MAC66K software 
package. The softwares boxed by ™ m=” 
are contained in the MAC66K package. 


SOURCE 
FILE 


MICROPRO- 

CESSOR MP 

ASSEMBLE 
EXPANDED PROGRAM 

SOURCE FILE MAC66K 


RELOCATABLE 
ASSEMBLY 
RAS66K 


RELOCATABLE 
OBJECT FILE 


LIBRARIAN 
LIB66K 
LIBRARY 
FILE 





LINKER 
RL66K 
ABSOLUTE 
OBJECT FILE 
CONVERTER pee 
OBJHEX Srcey 


ROM EASE 
HEX Fl [_] 
WRITER 66301 
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OUTLINE OF EMULATOR 


The EASE66301 emulator is connected to a host computer through a RS-232C 
interface, and provides effective supports for program development work with 


MSM66301. 


1. Real Time Emulation 


Emulation is performed without having 
to insert a wait state because of the use 
of an exclusive evaluation chip for 
MSM66301. 


2. Wide User Program Area 


A 64K byte RAM area (code memory) is 
implemented on this emulator. You can 
save the contents of this RAM area to a 
disk and also write them into EPROM. 
(This is available for 2764/128/256). 
Furthermore, the program area can be 
mapped in a 4K byte unit. 


3. Various Break Functions 


Various kinds of means to interrupt or 
break the program execution are 
available. Each can be either set or 
removed. 


a) Breakpoint break 
The breakpoint can be set at any 
addresses. The program stops when 
executing the program whose 
address is the same as where the 
breakpoints is specified. 


Address break 

The program stops when executing 
the program at the address specified 
by the emulation command (G 
command). You can also set a break 
so the program may stop after 
executing a specified address n 
times. 


= 


c) Power down break 
The program stops when the evalu- 
ation chip becomes power-down 
status. 


d) Break occurs when the trace memory 
is full with information. 
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e) Break occurs when the cycle counter 
overflows. The execution time of 
MSM66301 varies with a command 
executed, and therefore this 
emulator has the cycle counter to 
measure the execution time by 
counting the number of state. 


f) Accumulator match break 
Break occurs when the content of 
the accumulator becomes a given 
value. 


g) RAM match break 
Break occurs when the content at a 
specified address of RAM becomes a 
given value. 


h) Externally forced break 
Break occurs when sending a low 
level signal through an attached 
probe cable. 


4. Complete Real Time Tracing 
Function 


This emulator has two types of 
memories to realize the real time 
tracing capability which do not affect 
the execution time: 


— Trace memory 

This memory is used to trace (store) 
each value of command execution ad- 
dress, accumulator, SSP, USP, PSW, ports 
0-2, and the contents of a specified 
RAM address and the external probe 
value (Up to 4096 steps) 


Two different tracing functions are 

available: 

a) Tracing is performed each time a 
specified address is executed. 

b) Tracing is controlled by a start/stop 
bit. 


— Flash trace memory (see note 1) 

This memory is used to trace the status 
of the internal RAM of the evaluation 
chip when executing command at a 
specified address. But all the internal 
RAM area is traced at a time (up to 
seven times). 

The traced results can be displayed on 
CRT even during real time emulation 
like done in the trace memory. 


Note 1: This isnow in developing 
stage. 


Mnemonic Emulator Command 


Each emulator command (debug 
command) of this emulator is consti- 
tuted of mnemonic symbols and 
following parameters (address or mne- 
monic code). 


Construction of Command Mnemonic: 


a) The first symbol 
Means what function to be per- 
formed. 
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b) The second and the latter symbols 
Designates the object of the 
function to be performed by the 
emulator. The object is specified by 
an abbreviation of the name of 
register, memory or port of the 
EASE66301 emulation kit. 


[Example] 
* DDM 


| | | 


abc d 


Prompt for command input of 
emulator 

Instruct to display of the contents of 
the specified object 


Specify Data MEMORY 

Starting address of the contents to be 
displayed 

Ending address of the contents to be 
displayed 

Carriage return which means the end 
of command input 
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LIST OF DEBUGGING COMMANDS 
DISK ACCESS COMMAND 

























1. LOD dr-filename Load Program into Code Memory 
2. SAV drfilename address address Save Program on Code Memory 
3. VER dr-filename address address Verify File with Code Memory 

4. DIAG drfilename Execute command file 

5. UST dr-filename List console Output into Disk file 
6. NULST End listing 

7. HELP Display HELP File 

8. FDO ar-- dr Set Disk Drive 

9. OIR Display File Directory 
10. PAUSE Stop command file execution 

EPROM WRITER COMMAND 

1. TYPE mnemonic Set EPROM type 

2. PPR address address rom-add Program Code Memory into EPROM 
3. TPR address address Transfer EPROM into Code Memory 
4. VPR address address rom-add Verify EPROM with Code Memory 

ASSEMBLE COMMAND 

1. ASM address Assemble to Code Memory 

2. OASM address address (data, data] Disassemble to Console 

3. OBLK address address Display Block 

4. SPB address address Set Program Block 

5. SDB address address Set Data Block 


TRACE COMMAND 

















1. OTM {—]{ number number Display Trace Memory 
2. S mnemonic data {—! number Search trace memory data 
3. OTG Display Tigger Mode 
4. STG TR Set trace Trigger Mode 
5. RTG Reset Trigger Mode 
EMULATION COMMAND 
1. G address parameter real time emulation 
parameter = ,brk-address,------ , brk-address (max. 10) 

ibreak-address {[pass-count] 

/ RAM ram-add [data, pass-count] st-address ed-address 

/ mnem {data, pass-count] st-address ed-address 

mnem = ACC, ACCH, ACCL 

2. STP numder address {data, data] Single Step 
3. SSF [-{ mnem -- |~] mnem Set Step Format 


mnem = PR, LR, SFR-mnemonic 


DATA MEMORY COMMAND 








1. DOM address address (bank] Display Data Memory 

2. COM address [bank] {/'W! Change Data Memory 

3. FDM address address data [bank] {/Wi Fill Data Memory 
CODE MEMORY COMMAND 

1. OCM address address Display Code Memory 

2. CCM address {/W/ Change Code Memory 

3. FCM address address data {/W! Fill Code Memory 
SFR COMMAND 

1. Osfr-mnem Display sfr mnemonic 

2.  Csfr-mnem Cange sfr mnemonic 
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REGISTER COMMAND 





B  1.f ocr 






2. CCR 

3. OPR bank 
4. CPR bank 
5. OX1 bank 
6. CX1 bank 
7. OX2 bank 
8. CX2 bank 
9. OOP bank 
10. COP bank 
11. DUSP bank 
12. CUSP bank 
13. OPC 

14. CPC data 
15. OLR bank 
16. CLR bank 
17. DREG 

18. CREG element 





Display Control! Register 
Change Control Register 
Display Pointing Register 
Change Pointing Register 
Display Xt 

Change X! 

Display X2 

Change X2 

Display DP 

Change DP 

Display USP 

Change USP 

Display Program Counter 
Change Program Counter 
Display Local Register 
Change Local Register 
Display Register 

Change Register 












ATTRIBUTE MEMORY COMMAND 





1. OIE address address 

2. RIE 

3 DBP address address 

4 EBP address:--- address 

5. RBP address--- address 

6 FBP address address data 
7 DTR address address 

8 ETR address--- address 

9 RTR address: address 
10. FTR address address data 
11, OSO address address 

12. ESO address --- address 
13. RSO adcyess -- address 
14, FSO address address data 
15. OWB address address 

16. SWO address --: address 
17, SBO address --: address 
18. FWB address address data 
19. DSTK address address 
20. ESTK address --- address 
21. RSTK address --- address 
22. FSTK address address data 


SFR BUFFER COMMAND 






1. DBUF 
2. TBUF 
3. LBUF 


CCC data 
TIME data 


SBC {-—{ mnemonic--- | -{ mnemonic 








Display Instruction Executed Bit Memory 
Reset Instruction Executed Bit Memory 
Display Break Point Bit Memory 
Enable Break Point Bit 

Reset Break Point Bit 

Fill Break Point Bit Memory 

Display Trace Enable Bit Memory 
Enable Trace Enable Bit 

Reset Trace Enable Bit 

Fill Trace Enable Bit Memory 

Display Sync Out Enable Bit Memory 
Enable Sync Out Enable Bit 

Reset Sync Out Enable Bit 

Fill Sync Out Enable Bit Memory 
Display Word Byte flag Bit Memory 
Set Word Data Bit 

Set Byte Bit 

Fill Word Byte Bit Memory 

Display Stack flag Bit Memory 

Enable Stack flag Bit 
Reset Stack flag Bit 
Fill Stack flag Bit Memory 













Display Bufer 

Transefer SFR data into Buffer 
Load Bussfer data into SFR 
Reset Buffer 








Set CC Triger 

Display Cycte Counter 
Change Cycle Counter 
Set 1 cycle time 


Display Break Condition 
Set Break Concition 





OTHER COMMAND 


1. MAP add 
2. RES 1E} 
3. EXIT 

4 MAC 

5. M 

6. @ 

7. SIO F orH 
8. DEV 


Mapping Eva-chip and memory bus 
Reset System OR Eva-chip 

Return Host Computer's OS 

Define command execution 
Execution define command 

Repeat last command 

Set Emulator to | O terminal mode 
CH2 Device Configuration 
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OMFICE Program Development Support System 


Mm GENERAL 


The OMFICE program development support system is a high-performance, 
general-purpose system that has been created to allows quick and efficient 
development and evaluation of programs for all types of OKI 1-chip 


microcontrollers. 


mM SYSTEM CONFIGURATION 


This system consists of a high- 
performance program evaluation 
emulator (OMFICE general control 
system and interchangeable EVM 
evaluation module), as well as a host 
monitor program and assemblers 
(absolute and relocatable) that run 


Assembler 
Host monitor 


Host 
computer 


(if800, etc.) 








on the host computer (MS-DOS, PC- 
DOS, UNIX). On-line connection of 
the program evaluation emulator 
with a computer equipped with an 
RS-232C interface provides every- 
thing from source program assembly 
to program evaluation and debug- 


ging. 
User application 
circuit 
(Note) 
RS232C 
OMFICE EVM 
general evalua- 
control tion 
system module 
a 





Note: GP-IB interface is under development. 


@ OMFICE Program Development Support System @ 


M@ AVAILABLE 


CONFIGURATIONS 


This system is available from OKI 


in one of the following configu- 
rations. 


1. 


OMFICE xxxxx (xxxxx stands for 
the name of the 1-chip microcon- 
troller for each EVM evaluation 
module) program development 
support system, including OMFICE 
general control system and EVM 
evaluation modules, host monitor 
program and assembler. 


. EVM evaluation modules, host 


monitor program and assembler 
for connection with user's 
OMEFICE general control system to 
form an OMFICE xxxxx program 
development support system. 
OMFICE general control system 
only. 

OMFICE PROGRAM 


DEVELOPMENT SUPPORT 
SYSTEM INTRODUCTION 


. Overview of OMFICE General 


Control System 

This system incorporates the 
portions of a program develop- 
ment support system that are not 
affected by a change in the type 
of 1-chip microcontroller for 
which a program is being evalu- 
ated. This means that a single 
OMFICE general control system 
makes it possible to perform 
development for a variety of 
1-chip microcontrollers by simply 
supplying the applicable EVM 
evaluation module. 


2. EVM Evaluation Modules 


EVM evaluation modules are pro- 
vided for each types of 1-chip 
microcontrollers. Installation of 
these modules on the connector 
of the OMFICE general control 
system provides program deve- 
lopment capabilities for the ap- 
plicable 1-chip microcontrollers. 
The following are the types of EVMs 
available: 


@ EVM 67620 Evaluation Module 
(under development) 

@ EVM66417 Evaluation Module 
(under development) 

@ EVM65524 Evaluation Module 
(under development) 


3. Host Monitor 
This software runs on the host 
computer to analyze command 
lines entered by the operator, 
provide the emulator with the 
operations required for proces- 
sing commands, edit the data 
sent from the emulator as the 
result of a command, and display 
iton the CRT. 


lm OMFICE PROGRAM 


DEVELOP-MENT SYSTEM 
FUNCTIONS 


The OMFICE program develop- 
ment system includes the following 
functions to provide the most effi- 
cient development environment for 
OKI 1-chip microcontrollers. 

1. Versatile break functions 

The following methods are avail- 

able for interrupting (breaking) 

program execution. 
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a) Break point break 

b) Address break 

c) Power down break 

d) Trace memory overflow break 

e) Cycle counter overflow break 

f) Accumulator match break 

g) Data match break 

h) External forced break 

i) 3-point address passing break 

j) Flash tarce memory overflow 
break 

Versatile trace functions 

The following two types of real 

time trace functions, which have 

no affect on program execution, 

are supported. 

Trace Memory 

This memory is used during 

program execution to trace values 

such as: execution address, accu- 

mulator, port, program status 

word, etc. 

a) Up to 8K word step trace 

b) Execution address can be spe- 
cified using trace enable bit 

c) Trace execution address range 
can be specified using trace 
start/stop bit 

d) Trace start/trace end trigger 
can be specified according to 
trace contents 

e) Delay counts up to 256 steps 
can be specified for the trace 
end trigger 

f) Trace details can be displayed 
during real time emulation 


@ Flash Trace Memory 


This memory is used for batch 
tracing (up to 1K word) of RAM 
and SFR status during execution 
of the command at a spepcific 
address. As with trace memory, 
flash trace memory contents can 
be displayed on the CRT during 
real time emulation. 

(Note)The specific operation of 
the functions described above 
may differ slightly according to 
the EVM evaluation module 
being used. 


EVM67620 Evaluation Module 


Mm APPLICABLE MODEL 


Installation of EVM67620 evalua- 
tion module on the OMFICE general 
control system provides develop- 
ment and evaluation capabilities for 
the OKI CMOS 16-bit, 1-chip micro- 
controller. The MSM67620 was 
specially developed to incorporate a 
wide range of original OKI concepts 
and technology to make program 
development quick and efficient. 


mM MODULE OVERVIEW 


Installation of EVM67620 evalua- 
tion module on the OMFICE general 
control system makes it possible to 
perform comprehensive debugging 
operations, from debugging without 
a complete user circuit to debugging 
of the complete system. 


M@ MODULE FUNCTIONS 


@ Realtime emulation 

@® Measurement functions available 
during execution 

@ Versatile breaks 

Real time trace 

@ Other 
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EVM62408 Evaluation Module 


Mm APPLICABLE MODEL 


The OMFICE 62408 program 
development support system makes 
it possible to perform program 
development and evaluation of the 
OKI MSC62408 CMOS 4-bit, 1-chip 
microcontroller. The OMFICE62408 
was specially developed as a high- 
performance system that incor- 
porates a wide range of original OKI 
concepts and technology to make 
program development quick and 
efficient. : 











Emulation 
Kit 


To AC power supply 


Computer 


Mm SYSTEM CONFIGURATION 


The system consists of the 
AS62400 cross assembler — a 
powerful cross assembler based on a 
high-performance program evalua- 
tion emulator (EASE host monitor, 
emulation kit, and host MS-DOS 
computer). On-line connection of 
the emulation kit with an MS-DOS 
computer (such as an if800) 
equipped with an RS-232C interface 
provides comprehensive capabilities, 
from source program assembly to 
program evaluation and debugging. 


@ EASE 
@ AS62400 






Host 


(Note 1) MS-DOS is a registered trademark of the Microsoft 
Corporation of the United States. 
(Note 2) Asterisks indicate user side equipment. 
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@ EVM62408 Evaruation Module ® 


Mm OMFICE 62408 EMULATOR FEATURES 



















Code memory 32,768 x 8 bits 
Data memory 368 x 8 bits 
Attribute memory 32,768 x 13 bits 


Instruction-executed 32,768 x 1 bit 
memory 


Trace memory 8,192 x 97 bits 


Trace types @ Address trace AR, BR, CCR, SP, PO, P1, P2, 
@ Trigger trace P3,P4,P5, EX (probe) 


Cycle counter 32-bit binary counter 


User program exeuction | User program loaded into code memory and 
procedure executed with GO or STP command. 


Break types @ Address breaker 

@ ESC key break 

@ Normal trace pointer overflow break 
@ Cycle counter overflow break 

6 RAM data match break 

© STP mode break 


EPROM programmer High-speed writing for 2764, 27128, 27256, 27512 
and equivalents. 


RS-232C port @ CH1 port 
Connection port for host machine that inputs 
the emulator command. 

@ CH2 port 

Connection port for list device and personal 

computer. 






















Oki Program Development Tool Software 


m NEC PC9801 


EASE80C49-PC9801 5.26(2DD, 2HD) | EASE49-PC9801/ASM49-PC9801 
8 (1S-1D) for EASE80C49 


Sa nel 
for EASE6400 
Ver.2.11 for EASE6458 

for EASE6502 












EASE6400-PC980 1 












EASE80C51mKII-PC9801 EASE-PC9801/ASM51-PC9801 
for EASE80C51 


Macro-assembler/symbolic 
debugger for EASE80C51 


aia ell 

for EASE5052/56 

Al 
for EASE5054/55 


EASE6052-PC9801 EASE65-PC980 1/ASM50-PC9801 : 
for EASE6052 


MAC51-PC9801 









Notes: 
Includes RS-232C cable for the PC9801. 
MAC51 forms set with RL51, LIB51, SID51. 
* Under development 
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m IBM PC-XT and PC-AT 


EASE80C49-The PC 5.25 (2HD) EASE49-The PC/ASM49-The PC 
for EASE80C49 

EASE6400-The PC EASE6400-The PC/ASM6400-The PC 
for EASE6400 























IBM 
MS-DOS 
Ver.2.11 





ill -—— nell 
for EASE6458 
i natn 
for EASE6502 
a 
for EASE80C51 
i 
debugger for EASE80C51 
an EASE-The PC/ASM66301-The PC 
for EASE66301 


MAC51-The PC 
EASE66301-The PC 
EASE62580-The PC 


ee. 

for EASE5052/56 

InN eninll 
EASE5054/55 

a = cere 
for EASE6052 


EASE-The PC/AS62580-The PC 
for EASE62580 


a EASE-The PC/ASM50-The PC 
for EASE6051 
pT EASE-The PC/ASM50-The PC 
for EASE6352/6052 
 ccciouct MME a ! 
for EASE6351/53 





Notes: 
Includes RS-232C cable for the PC9801. 
MAC51 forms set with RL51, LIB51, $ID51. 
* Under development 
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mM if800 model 50 


[wea 0s rem tne tars 
50 for EASE80C49 
50 for EASE6400 

Till -—— ol 
50 for EASE6458 

a 
50 for EASE6502 





















EASE6458-model 50 


EASE6502-model 50 





EASE80C51mKll-model 50 | Ver.2.11 


for EASESOC51__ 
debugger for EASE80C51 
ll al 
for EASE5052/56 
Fd EASE-model 50/ASM50-model 50 
for EASES054/55 






EASE-model 50/ASM50-model 50 
for EASE6052 





Notes: 
Cable for if800 model 30 emulator can be used for RS-232C cable. 
MACS1 forms set with RL51 and LIB51. 
MS-DOS version included as standard with EASE62580, 63301, 66301, 
EASE6351/53, EASE6352/6052, EASE6051. 


* Under development 


@ OKI Program Development Tool Software © 


m@ if800 model 60/RX110, 120/EX110, 120 


60 for EASE80C49 
I ase 
60 for EASE6400 
60 for EASE6458 
60 for EASE6502 
EASE-model 60/ASM51-model 60 
for EASE80C51 


Macro-assemblier/symbolic 
debugger for EASE80C51 






















EASE6400-model 60 





EASE6458-model 60 








EASE6502-model 60 if800 
MS-DOS 


Ver.2.11 













EASE80C51mKIl-model 60 
MAC51-model 60 


debugger for EAES66301 
for EASE5052/56 

for EASE5054/55 

for EASE 6052 


EASE5052/56-model 60 


EASE5054/55-model 60 


EASE6052-model 60 


Notes: 
RS-232C straight cable included. 
MAC51 forms set with LIB51. 
MS-DOS version included as standard with EASE62580, 63310, 66301, 
EASE6351/53, EASE6352/6052, EASE6051. 


* Under development 
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MEMO 














NOTICE _ 
1. 


The information contained herein can change without notice owing 
to product and/or technical improvements. Please make sure before 
using the product that the information you are referring to is 
up-to-dated. 


The outline of action and examples of application circuits described 
herein have been chosen as an explanation of the standard action 
and performance of the product. When you actually plan to use the 
product, please ensure that the outside conditions are reflected in 
the actual circuit and assembling designs. 


NO RESPONSIBILITY IS ASSUMED BY US FOR ANY CONSEQUENCE 
RESULTING FROM ANY WRONG OR IMPROPER USE OR 
OPERATION, ETC. OF THE PRODUCT. 


Neither indemnity against nor license of a third party’s industrial 
and intellectual property right, etc. is granted by us in connection 
with the use of the product and/or the information and drawings 
contained herein. No responsibility is assumed by us for any 
infringement of a third party's right which may result from the use 
thereof. 


Certain product described herein falls within the category of 
strategical goods, etc. under the Foreign Exchange and Foreign 
Trade Control Law. Accordingly, before exporting such product or 
any part thereof, you are required under the Law to file the 
application for the export license by the Japanese Government. 


No part of the contents contained herein may be reprinted or 
reproduced without our prior permission. 


MS-DOS is a registered trademark of Microsoft Corporation. 
PC-DOS is a registered trademark of IBM Corporation. 
CP/M-80 is a resistered trademark of Digital Research Corporation. 


Copyright 1990 OKI SEMICONDUCTOR 
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